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(54) Anti-cancer compounds. 

(St) Quinazolines of the formula :- 




R 4 R 5 

\— N-Ar-COR 3 



wherein R 1 is hydrogen or amino, 

or R 1 is alkyl, alkoxy or alkylthio each of up to 6 carbon atoms ; 
or R 1 is aryl or aryloxy each of up to 10 carbon atoms ; 
or R 1 is halogeno, hydroxy or mercapto ; 

or R 1 is alkyl of up to 3 carbon atoms which bears one or more substituents selected from halogeno, 
hydroxy and alkanoyiamino each of up to 6 carbon atoms ; 

or R 1 is alkoxy of up to 3 carbon atoms which bears one or more substituents selected from hydroxy and 
alkoxy of up to 6 carbon atoms ; 

wherein R 2 is hydrogen or alkyl, alkenyi, alkynyl, hydroxyalkyl, alkoxyalkyl, mercaptoalkyl, alkylthioalkyl, 
halogenoalkyl, cyanoalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, alkyanoylalkyl, carboxyalkyl, 
carbamoylalkyl or alkanoyl each of up to 6 carbon atoms ; 

wherein Ar is phenyiene or heterocyclene which is unsubstituted or which bears one or more 
substituents selected from halogeno, cyano, nitro, hydroxy, amino and carbomoyl and alkyl, alkoxy, 
halogenoalkyl, alkanoyiamino, alkylthio and alkoxycarbonyl each of up to 6 carbon atoms ; 
R 3 is the residue of a dipeptide in which the first, N-terminal amino acid residue thereof attached to the 
carbonyl group of COR 3 COR 3 is an L- or D-amino acid residue -NHCH(C2H)-A-CO- in which A is an 
alkylene group of up to 6 carbon atoms and the second amino acid residue is of an a-amino acid which 
has the D-configuration at its asymmetric a-carbon atom ; 
wherein R 4 is hydrogen or alkyl of up to 4 carbon atoms ; 
wherein R 5 is hydrogen or alkyl of up to 4 carbon atoms ; and 
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wherein each of R e , R 7 and R 8 is hydrogen or alkyl or alkoxy each of up to 4 carbon atoms ; or is 
haiogeno ; 

or a pharmaceutically-acceptable salt, ester or amide thereof are of therapeutic value, particularly in the 
treatment of cancer. 
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This invention relates to novel anti-cancer agents and more particularly it relates to quinazoline derivatives 
which possess anti-cancer activity. 

One group of anti-cancer agents comprises antimetabolites having anti-folate activity, such as aminopterin 
and methotrexate. A newer compound of this type which showed considerable promise in clinical trials is known 

5 as CB3717 and is described and claimed in United Kingdom Patent Specification No. 2 065 653B. Despite its 
promising activity against human breast, ovarian and liver cancer, however, C63717 shows symptoms of toxi- 
city in humans, particularly in relation to the liver and kidneys. Such adverse side effects are reduced in com- 
pounds in which the 2-amino substituent of CB3717 is either missing or is replaced by one of various alternative 
substituents as described and claimed respectively in United Kingdom Patents Nos. 2 175 903 and 2 188 319. 

10 Compounds of this type are believed to act as anti-cancer agents by inhibiting the enzyme thymidylate syn- 

thase, which catalyses the methylation of deoxyuridine monophosphate to produce thymidine monophosphate 
which is required for DNA synthesis. The anti-cancer activity of CB3717 and like compounds may be assessed 
in vitro by determining their inhibitory effect on that enzyme, and in cell cultures by their inhibitory effect on 
cancer ceil lines such as the mouse lymphoma cell line L1210 and the human breast cancer cell line MCF-7. 

is Antimetabolites such as aminopterin and methotrexate which are inhibitors of enzymes which utilise folic 

acid derivatives have also shown promise in the treatment of various allergic diseases such as allergic rhinitis, 
atopic dermatitis and psoriasis. 

We have now found that certain quinazoline derivatives not only show a good level of activity, in particular 
in respect of their ability to inhibit thymidylate synthase, but also have a different mode of action from CB3717 

20 and other related quinazoline derivatives which have been described. Thus it is believed thatCB3717 and more 
particularly its 2-methyl analogue, which is described and claimed in UK Patent No. 2 188 319, owe anti-tumour 
activity to an intracellular polyglutamate form but that the compounds of the present invention act directly without 
being gamma-glutamylated. This alternative mode of action of the compounds of the present invention provides 
the potential for more precise control in the administration of the compounds to cancer patients, deriving es- 

25 pecially from a shorter period of intracellular retention following the completion of administration and a lack of 
dependence on polyglutamylation which may vary in degree from one patient to another. Moreover, the replace- 
ment of the L-glutamic acid residue of CB371 7 by an alternative group in the compounds of the present invention 
will confer different physical properties thereby influencing the overall characteristics of the compounds. 
Accordingly the present invention comprises a quinazoline of formula (I):- 

30 
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wherein R 1 is hydrogen or amino; 

or R 1 is alkyl, alkoxy or alkylthio each of up to 6 carbon atoms; 
or R 1 is aryl or aryloxy, each of up to 10 carbon atoms; 
45 or R 1 is halogeno, hydroxy or mercapto; 

or R 1 is alkyl of up to 3 carbon atoms which bears one or more substituents selected from halogeno, hydroxy 
and alkanoyiamino each of up to 6 carbon atoms; 

or R 1 is alkoxy of up to 3 carbon atoms which bears one or more substituents selected from hydroxy and alkoxy 
of up to 6 carbon atoms; 

so wherein R 2 is hydrogen or alkyl, alkenyl, alkynyi, hydroxyalkyl, alkoxyalkyl, mercaptoalkyi, alkylthioalkyl, halo- 
genoalkyl, cyanoalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, alkanoylaikyl, carboxyalkyl, carbamoy- 
lalkyi or alkanoyl each of up to 6 carbon atoms; 

wherein Ar is phenylene or heterocyclene which is unsubstituted or which bears one or more substituents se- 
lected from halogeno, cyano, nitro, hydroxy, amino and carbamoyl and alkyl, alkoxy, halogenoalkyl, alkanoy- 
55 lamino and alkoxy carbonyl each of up to 6 carbon atoms; 

R 3 is the residue of a dipeptide in which the first, N-terminal amino acid residue thereof attached to the carbonyl 
group of COR 3 is an L- or D-amino acid residue -NHCH(C0 2 H)-A-CO- in which A is an aikyiene group of up 
to 6 carbon atoms and the second amino acid residue is of an a-amino acid which has the D-configuration at 
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its asymmetric a-carbon atom; 

wherein R 4 is hydrogen or alkyl of up to 4 carbon atoms; 

wherein R 5 is hydrogen or alkyl of up to 4 carbon atoms; and wherein each of R 8 , R 7 and R 8 is hydrogen or 
alkyl or alkoxy each of up to 4 carbon atoms; or is halogeno; the quinazoline optionally being in the form of a 
5 pharmaceutical acceptable salt, ester or amide thereof. 

By way of contrast with the corresponding dipeptides of the D,L and particularly the L,L configurations the 
quinazoline dipeptides of the present invention show a resistance to cleavage of the central amide bond of the 
dipeptide in vivo. 

In this specification the terms alkyl, aikenyl, aikynyl and alkylene include both straight and branched chain 
10 groups but references to individual alkyl or alkylene groups such as "propyl" or "propylene - are specific for the 
straight chain group only. An analogous convention applies to other generic terms. Moreover, the numbering 
system for the quinazoline nucleus is the conventional one shown below. 
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It will be observed that a quinazoline of the invention has at least two asymmetric carbon atoms (present 
in the peptide residue R 3 ) and can therefore exist in optically active forms. It is to be understood that this in- 
vention encompasses the various optically active forms of the quinazoline, subject to the limitation indicated 
25 hereinbefore, it being a matter of common general knowledge how such optically active forms may be obtained 
by stereospecific synthesis or by separation of a mixture of isomeric compounds. One isomer may however 
be of more interest than another due to the nature of the activity which it exhibits or due to superior physical 
properties, for example aqueous solubility. 

A suitable value for any of R 1 , R 2 , R 4 , R 5 , R 8 , R 7 or R 8 when it is alkyl, or for an alkyl substituent in Ar is, 
30 for example, methyl, ethyl, propyl or isopropyl. 

A suitable value for R 2 when it is aikenyl is, for example, prop-2-enyl, but-2-enyl, but-3-enyl, 2-methylprop- 

2- enyl, hex-2-enyl, hex-5-enyl or 2,3-dimethylbut-2-enyl. 

A suitable value for R 2 when it is aikynyl is, for example, prop-2-ynyl, but-2-ynyl, but-3-ynyi, pent-2-ynyl, 

3- methylpent-4-ynyl, hex-2-ynyt or hex-5-ynyl. 

35 A suitable value for any of R 1 , R e , R 7 or R 8 when it is alkoxy, or for an alkoxy substituent in Ar is, for example, 
methoxy, ethoxy or isopropoxy. 

A suitable value for R 1 when it is alkylthio is, for example, methylthio or isopropylthio. 
A suitable value for R 1 when it is aryl is, for example, phenyl or tolyl. 
A suitable value for R 1 when it is aryloxy is, for example, phenoxy or tolyloxy. 
40 A suitable value for any of R 1 , R 6 , R 7 or R 8 when it is halogeno is, for example, fluoro, chloro, bromo or 
iodo. 

A suitable value for R 1 when it is substituted alkyl is, for example, fluoromethyl, difluoromethyi, trifluoro- 
methyl, 2-fluoroethyl, 3-fluoro propyl, chloromethyl, dichloromethyl, hydroxymethyi, 2-hydroxyethyl, 3-hydrox- 
ypropyl, acetamidomethyl, 3-acetamidopropyl or propionamidomethyL 
45 A suitable value for R 1 when it is substituted alkoxy is, for example, 2-hydroxy ethoxy, 4-hydroxybutoxy, 3- 
hydroxy-2-methylpropoxy, 2-methoxyethoxy, 3-methoxypropoxy or 2-ethoxyethoxy. 

A suitable value for R 2 when it is hydroxyalkyl, alkoxyalkyl, mercaptoalkyl or alkylthioalkyl is, for example 
2-hydroxyethyl, 3-hydroxypropyl, 2-methoxyethyl, 2-ethoxyethyl, 3-methoxypropyi, 2-methoxypropyl, 2-mer- 
captoethyl, 3-mercaptopropyl, 2-methyithioethyl, 3-methylthiopropyl or 2-ethylthioethyl. 
so A suitable value for R 2 when it is halogenoalkyl, cyanoalkyl, aminoalkyl, alkyl ami noalkyl or dialkyiaminoalk- 
yl is, for example, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 3-fluoropropyl, 3-chloropropyl, cyanomethyl, 2- 
cyanoethyi, 3-cyanopropyl, 2-aminoethyl, 3-aminopropyl, 3-amino-2-methyl propyl, 2-methylaminoethyl, 2-di- 
methylaminoethyl, 2-ethylaminoethyl, 2-diethylaminoethyl, 3-methylaminopropyl or 3-d imethylami no propyl. 

A suitable value for R 2 when it is alkanoylalkyl, carboxyalkyi, carbamoylalkyl or alkanoyl is, for example, 
55 acetonyl, 2-acetylethyl, pro pionyl methyl, 2-propionyl ethyl, 3-acetyl propyl, 4-acetyl butyl, carboxymethyl, 2-car- 
boxyethyl, carbamoylmethyl, acetyl, propionyl or butyryl. 

A suitable value for Ar when it is phenyJene is, for example, 1 ,3- or particularly 1 ,4-phenylene. 

A suitable value for Ar when it is heterocyclene is, for example, a 5-membered or 6-membered aromatic 
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(that is, fully unsaturated) heterocyclene diradical which contains up to 2 heteroatoms selected from the group 
consisting of oxygen, nitrogen and sulphur, for example thienylene, pyridylene, pyrimidinylene, thiazolylene or 
oxazolylene. Of particular interest are compounds in which Ar is pyrimidinylene, particularly pyridylene or es- 
pecially phenylene. 

5 A suitable halogeno, halogenoalkyl, alkanoylamino or alkoxycarbonyl substituent in Ar is, for example, flu- 

oro, chloro, bromo, iodo, fluoromethyl, difluoromethyl, trifluoromethyl, acetamido, propionamido, isopropiona- 
mido, methoxycarbonyl, ethoxycarbonyl or isobutoxycarbonyl. 

A suitable level of substitution in Ar, where substitution is present, is three substituents, particularly two 
substituents or especially one substituent; and one or two substituents may conveniently be at positions adja- 

10 cent to the atom bonded to the group -COR 3 , halogeno substituents such as fiuoro being preferred. 

The first amino acid residue of the peptide residue R 3 may be of the D-configuration at its asymmetric a- 
carbon atom with the configuration of the peptide then being D,D but this first residue is preferably of the L- 
configuration, the configuration of the peptide then being L,D. 

Although the compounds of the present invention can exist in racemic form, it is preferred that they are 

is optically active. In particular, the L, D- or D,D-quinazoline dipeptide is conveniently substantially free from the 
L,L-dipeptide and preferably is substantially free from both the L,L- and the D.L-dipeptides. Conveniently it may 
also be substantially free from the other form D,D or L,D. In its preferred form, therefore, the dipeptide is sub- 
stantially free of all of the other three isomeric forms. The term "substantially free" is used herein to indicate 
the presence of no more than 20% and especially no more than 10% by weight of the other isomer or isomers 

20 referred to. 

As indicated, the second amino acid residue of R 3 is of an a-amino acid in which the a-carbon atom is asym- 
metric, i.e. the carbon atom in question of the amino acid residue is bonded to four groups which differ from 

each other, one of which is a carboxy group and another of which contains a grouping bonded to the carbon 
25 atom. 

A suitable value for R 3 is a dipeptide residue in which the first, N-terminal amino acid residue -NH- 
CH(C0 2 H)-A-CO- is linked to the second amino acid residue -NH-CH(Y)-C0 2 H to provide a group of the formula 
-NH-CH(C0 2 H)-A-CONHCH(Y)-C0 2 H in which A is as defined hereinbefore; 
Y is alkyl; alkenyl or alkynyl each of up to 6 carbon atoms; 
30 or Y is alkyl of up to 6 carbon atoms which bears one or more substituents selected from amino, carboxy, 

hydroxy and mercapto; 

or Y is phenyl or benzyl. An alternative value for R 3 is a dipeptide residue in which the first, N-terminal 
amino acid residue -NH-CH(C0 2 H)-A-CO-, A being defined as hereinbefore, is linked to another second amino 
acid residue than those described above which corresponds to the residue of a naturally occurring amino acid 
35 but in the D-corrfiguration. 

A suitable value for A is a group of 1 , 3 or particularly 2 carbon atoms, for example CH 2 , CH 2 CH 2 CH 2 and 
especially CH 2 CH 2 . 

A suitable value for Y when it is alkyl is as specified for R 1 , etc., but particularly butyl and propyl and their 
branched chain isomers, ethyl, and especially methyl. 
40 A suitable value for Y when it is alkenyl or alkynyl is as specified for R 2 but particularly prop-2-enyi and 

prop-2-ynyl. 

A suitable value for Y when it is a substituted alkyl group is a group which carries one substituent only, 
particularly a carboxy group, with that substituent conveniently being on a terminal carbon atom of the alkyl 
group. Such groups are of particular interest among the various possibilities for Y. Of especial interest are alkyl 

45 groups of up to 3 carbon atoms, i.e. methyl, ethyl, propyl and isopropyl, although larger groups can be of interest, 
particularly when branched. Preferred groups Y of this type are thus CH 2 C0 2 H or CH 2 CH 2 CH 2 C0 2 H, particularly 
CH 2 CH(CH 3 )C0 2 H or CH(CH 3 )CH 2 C0 2 H and especially CH 2 CH 2 C0 2 H. 

Examples of naturally occurring amino acids H 2 NCH(Y)C0 2 H containing a group Y which may be present 
in the group R 3 of the quinazolines of the present invention (these being either a group Y as specifically dis- 

50 cussed above or other forms of group) are alanine (Y = CH 3 ), arginine (Y = (CH 2 ) 3 NHC(NH 2 )=NH), aspartic 
acid 

(Y = CH 2 C0 2 H) , cysteine (Y = CH 2 SH), glutamic acid 
(Y = CH 2 CH 2 C0 2 H), isoleucine (Y = CH(CH 3 )CH 2 CH 3 ), leucine 
(Y = CH 2 CH(CH 3 )CH 3 ), ornithine (Y = (CH^NHJ, phenylalanine 
55 (Y = CH 2 C 6 H 5 ), serine (Y = CH 2 OH) and valine (Y = CH(CH 3 )2). (It will be appreciated that although the group 
Y is one present in a naturally occurring amino acid, the second amino acid residue is itself of the D-configur- 
ation.) 

Examples of amino acids H 2 NCH(Y)C0 2 H which are not naturally occurring which contain groups Y that 
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may be present in the group R of the compounds of the present invention are norvaline (Y = CH 2 CH 2 CH 3 ), nor- 
leucine (Y = (CH^CHa), 2-phenyfglycine (Y = C 6 H 6 ) and tert-leucine (Y = C(CH 3 ) 3 ). 
Preferred groups R 3 are thus of the formula 

-NHCH(COOH)CH 2 CH 2 CONHCH(Y')-C0 2 H (1) 

5 and especially 

-NHCH(COOH)CH 2 CH 2 CONHCH(C0 2 H)-(CH 2 ) m C0 2 H (2) 
in which Y' is methyl, ethyl, propyl, hydroxy methyl, phenyl or benzyl and m is I, particularly 3 and especially 2 
with the first, glutamic acid residue conveniently being of the L-configuration and with the second amino acid 
residue being of the D-configu ration. 
w Specific examples of R 3 are the residue of the dipeptides y-glutamyl-aspartic acid, y-glutamyl-2-aminoa- 
dipic acid and particularly y-glutamyl-alanine, and most especially y-glutamylglutamic acid, in the D,D or pre- 
ferably the L,D form. 

A suitable pharmaceutical I y-acceptable salt form of a quinazoline of the invention is, for example, an acid 
addition salt with an inorganic or organic acid, for example hydrochloric, hydrobromic, trifluoroacetic or maleic 

is acid; or an alkali metal, for example sodium, an alkaline earth metal, for example calcium, or ammonium, for 
example tetra(2-hydroxyethyl)ammonium, salt 

A suitable pharmaceutically-acceptable ester form of a quinazoline of the invention is, for example, an ester 
with an aliphatic alcohol of up to 6 carbon atoms, for example a methyl, ethyl or tort-butyl ester. 

A suitable pharmaceutically-acceptable amide form of a quinazoline of the invention is, for example, an 

20 unsubstituted amide of the form -CONH 2 or particularly a benzyl substituted amide of the form -CONHCH 2 C e H 5 . 
It is to be understood that R 3 may contain several carboxy groups. When it comprises three carboxy groups 
as is the case for various of the preferred dipeptide residues R 3 , for example when R 3 consists of two glutamic 
acid residues, a salt or ester may be mono-acid-di-salt or -ester or -amide or it may be a di-acid-mono-salt or 
-ester or -amide or even a tri-salt or -ester or -amide. 

25 Particularly preferred values for the various symbols R 1 to R 8 and Ar individually are as expressed for the 

preferred quinazolines described hereinafter. Moreover, in the case of R 4 , R 6 , R 6 and R 8 compounds in which 
each of these is hydrogen are of especial interest. With R 7 , however, compounds in which this is other than 
hydrogen, for example being one of the groups methoxy, fluoro and chloro and particularly an alkyi group such 
as methyl, are also of especial interest. 

30 A preferred quinazoline of the invention has the formula stated above wherein R 1 is halogeno- or hydroxy- 
substituted alkyl or particularly hydrogen, amino, alkyl or alkoxy, especially fluoromethyl, hydroxymethyl, hy- 
drogen, amino, methyl, ethyl or methoxy; 

wherein R 2 is methyl, ethyl, prop-2-enyl, prop-2-ynyl, 2-hydroxyethyl f 3-hydroxy propyl, 2-fluoroethyl or aceto- 
nyl; 

35 wherein Ar is 1,4-phenylene, 2 -fluoro- 1,4-phenylene or2,6-difluoro-1,4-phenylene; . 

wherein R 3 is the residue of the dipeptide y-glutamyl-aspartic acid, -glutamic acid, -2-aminoadipic acid or -ala- 
nine in either of the L,D and D,D forms; 
wherein R 4 is hydrogen or methyl; 
wherein R 5 is hydrogen; 

40 wherein R 8 is hydrogen or chloro; 

wherein R 7 is hydrogen, methyl, fluoro or chloro, and 
wherein R 8 is hydrogen, methoxy or chloro. 

An especially preferred quinazoline of the invention has the formula stated above wherein R 1 is methyl; 
wherein R 2 is methyl, ethyl or preferably prop-2-ynyl; 

45 wherein Ar is 1,4-phenylene or 2-fluoro-1,4-phenylene; 
wherein R 3 is y-L-glutamyl-D-glutamic acid; 
wherein R 4 is hydrogen or methyl; 
wherein R 5 is hydrogen; 
wherein R 8 is hydrogen or chloro; 

so wherein R 7 is hydrogen, methyl, methoxy, fluoro or chloro and 
wherein R 8 is hydrogen, methyl, methoxy or chloro. 

Other quinazolines of the invention of particular interest have the values of R 1 , R 2 , R 4 to R 8 and Ar in com- 
bination as indicated above but with R 3 having any value as indicated hereinbefore. However, specific partic- 
ularly preferred quinazolines of the invention are: 

55 N-p^[N-(3,4-dihydro-2-amino-4-oxoquinazo 
acid, 

N:£-[N-(3 l 4-dihydro-2-amino-4-oxoquinazolin-6-ylmethyl)-N-ethylamino]benzoyl-L-y-gIu 
acid, 
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N-2-[N-(3,4^ihydro-2-amino4^xo 
ic acid, 

N-pj-[N-(3,4-dihydro-2-methyl-4^ acid, 
N-g-[N-(3,4-d!hydrc-2-methyl^oxo acid, 
5 N-£-[N-(3 l 4-dihydro-2-methyl^-oxc<iuinazoHn-6-ylmethyl)-N-( 
ic acid, 

N-j>[N-(3,4-dihydro-2,7-dimethyM-oxoq ui nazol i n- 6-ylmethyl)- N-methylamino]benzoyl-L-y-glutamyl-D-glutam- 
ic acid, 

N-£-(N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolirv6-yImethyl)-N-eth 
10 acid, 

N-pj-[N-(3,4^ihydro-2,7-dimethy1-^ 
tamic acid, 

N-£-[N-(3,4-dihydro-2-methoxy-4^xc^ 
acid, 

15 N-rj4^(3,4-dihydro-2-methoxy-4-oxoquinazo^^ acid, 
N-£-[N-(3,4-dihydro-2-methoxy-4-oxoq^ 
tamic acid, 

N-p;-[N-(3,4-dihydro-2-amino-4^^ 
tamic acid, 
20 N-£-[N-(3,4-dihydro-2-aminc^ox 
ic acid, 

N-p:-[N-(3 t 4~dihydrc>-2-amino-4^ 
D-glutamic acid, 

N-2.-[N-(3,4-dihydro-2-methyl-4-oxoqu in azol in-S-ylmethyl^N-methyiaminol-^-fluorobenzoyi-L-y-glutamyl-D-glu- 
25 tamic acid, 

N-j>[N-(3 f 4-dihydro-2-methyI^ra 
tamic acid, 

N-p--[N-(3,4-dihydro-2-methyl-4^xoquinazolin-6-ylmethyl)-N-(pro 
D-glutamic acid, 

30 N-£-[N-{3,4-dihydro-2,7-dimethyl-4-oxoquinazdin-6-ylmethyl)-N-rnethy^ 
glutamic acid, 

N-2-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolin-6-ylmethy1)-N-ethylamino>^ 
glutamic acid, 

N-£-[N-(3,4-dihydro-2,7-dimethyl^-oxoquinazolin-6-ylmethyl)<N-(prop-2-y 
35 tamyl-D-glutamic acid, 

N-p;-|N-(3,4-dihydro-2-methoxy-4-oxoqum 
glutamic acid, 

N-p_-[N-(3,4-dihydro-2-memoxy-4-oxoquinazolin-^ 
tamic acid, and 
40 N-p;-[N-(3,4-dihydro-2-methoxy-4K^ 
myl-D-glutamic acid; 

as well as pharmaceutical^ acceptable salts, esters and amides thereof. 

In this specification the amino-acid residues are designated in the standard manner (Pure and Applied 
Chemistry, 1974, 40, 317 and European Journal of Biochemistry, 1984, 138 , 9). For the avoidance of doubt, 
45 however, it should be noted that y-glutamyl denotes the radical H 2 NCH(C02H)CH 2 CH2CO- or - 
NHCH(C0 2 H)CH 2 CH 2 CO- according to the context 

A quinazoline of the invention may be prepared by any process known to be applicable to the preparation 
of chemically-related compounds. 

The particularly preferred process for the manufacture of a quinazoline of the invention comprises the re- 
so action of an acid of the formula:- 
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or a reactive derivative thereof, 

with the terminal amino group of a dipeptide of the formula R 3 -H wherein R 1 , R 2 , R 3 R 4 , R 6 , R 6 , R?, R« and Ar 
have the meanings stated above, any mercapto, amino and alkylamino group in R 1 t R 2 , R 3 and Ar and any car- 
ts boxy group in R\ R 2 and Ar is protected by a conventional protecting group, and any hydroxy group in R 1 , R 2 
R 3 and Ar and any carboxy group in R 3 may be protected by a conventional protecting group or alternatively 
such a hydroxy or carboxy group need not be protected; R 9 is hydrogen or a protecting group whereafter any 
undesired protecting group including any protecting group R 9 is removed by conventional means. The reference 
to the protection of any amino group in R 3 does not of course apply to the terminal amino group of the dipeptide 
20 R 3 -H. 

In this process, and the others described hereinafter, the compound R 3 -H, and also the quinazoline acid 
where appropriate, conveniently has the stereochemical configuration at the asymmetric carbon atoms therein 
which is desired in the final quinazoline of formula (I). 

A suitable reactive derivative of an acid of the formula given above may be, for example, an acyl halide, 

25 for example an acyl chloride formed by the reaction of the acid and an inorganic acid chloride, for example thio- 
nyl chloride; a mixed anhydride, for example an anhydride formed by the reaction of the acid and a chlorofor- 
mate such as isobutyl chloroformate; an active ester, for example an ester formed by the reaction of the acid 
and a phenol suh as pentafluorophenol or an alcohol such as 1- hydroxy be nzotriazole; the product of the reac- 
tion of the acid and a carbodiimide, for example dicyclohexylcarbodiimide; or particularly an acyl azide, for ex- 

30 ample an azide formed by the reaction of the acid and an azide such as diphenylphosphoryl azide or an acyl 
phosphonate, for example an acyl phosphonate formed by the reaction of the acid and a phosphonate such 
as diethylcyano phosphonate or 

(1 H-1 ,2,3-benzotriazol-1 -yloxy)-tris(pyrrolidino)-phosphonium hexafluorophosphate. 

A suitable protecting group for a hydroxy group is, for example, an esterifying group, for example an acetyl 
35 or benzoyl group, which may be removed by hydrolysis with a base, for example sodium hydroxide, or provided 
that R 2 does not contain an alkenyl or alkynyl group, the protecting group may be, for example, an a-arylalkyl 
group, for example a benzyl group, which may be removed by hydrogenation over a catalyst, for example pal- 
ladium-on-charcoal. 

A suitable protecting group for an amino group may be, for example, an alkoxycarbonyl group, for example 
40 a tert-butyloxycarbonyl group which may be removed by treatment with an organic acid, for example trifluor- 
oacetic acid; or it may be, for example, a benzyloxycarbonyl group which may be removed by treatment with 
a Lewis acid, for example boron tris(trifluproacetate). 

A suitable alternative protecting group for a primary amino group is, for example, a phthaloyl group which 
may be removed by treatment with an alkylamine, for example dimethylaminopropylamine or with hydrazine. 
45 A suitable protecting group for a carboxy group may be an esterifying group, such as a tert- butyl group 
which may be removed by treatment with an organic acid, for example trifluoroacetic acid, thereby avoiding 
the possibility of racemization which can arise with groups removable by base. 

A suitable protecting group for a mercapto group is, for example, an esterifying group, for example an acetyl 
group, which may be removed by hydrolysis with a base, for example sodium hydroxide. 
so R 9 is preferably hydrogen rather than a protecting group but a suitable value for R 9 when it is a protecting 

group is, for example, a pivaloyloxymethyl group. Such a group may be removed by hydrolysis with a base, for 
example sodium hydroxide, but care should be taken to avoid racemization. 

The protecting groups for the various carboxy groups in R 3 may be esterifying groups such as permit the 
product after removal of any undesired protecting group in R 1 , R 2 R 3 and Ar and of any protecting group R 9 to 
55 fall within the definition of a quinazoline of the invention. In such instance the esterified carboxy groups in R 3 
may if desired be retained in the final product. Alternatively a different protecting group may be used in R 3 which 
will be removed. 

The dipeptide of the formula R 3 -H may be obtained by any of the various general methods of peptide syn- 
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thesis which are described in the literature of peptide chemistry. Classical methods involving reaction in solution 
or solid phase methods may both be used. Preferably, however, the dipeptide is prepared by reaction of the 
appropriate two amino acids in solution, the amino group of the acid providing the N-terminal residue of R 3 -H 
and the carboxy group of the acid providing the C-terminal residue of R 3 -H being protected, for example by 
5 protecting groups as described hereinbefore, particularly suitable groups being a benzyloxycarbonyl group and 
a tert-butyl esterifying group, respectively. Although the amino protecting group will necessarily be removed 
before reaction of R 3 -H with the carboxylic acid it may be convenient to retain the carboxy protecting group 
which is already present 

The carboxylic acid used as starting material may be obtained by the reaction of a compound of the for- 
10 mula:- 



15 



20 




wherein R 1 , R 4 , R 5 , R 6 , R 7 , R B and R 9 have the meanings stated above, and 2 is a displaceable group, with a 
compound of the formula: 
25 HNR2-Ar-C0 2 R 10 

wherein R 2 and Ar have the meanings stated above and R 10 is a protecting group which can be removed to 
provide a carboxylic acid. 

Z may be, for example, a halogeno or sulphonyloxy group, for example a chloro, bromo, methanesulpho- 
nyloxy or toluene- p-sulphonyloxy group. 
30 R 10 may be, for example, a methyl or an ethyl group which may be removed by hydrolysis with a base, for 

example sodium hydroxide or R 10 may be, for example, a tert-butyi group which may be removed by cleavage 
with an organic acid, for example trifluoroacetic acid. 

The protecting group for the carboxy group in R 10 may be, for example, an esterifying group which can be 
removed while the protecting group for any mercapto, amino, carboxy and hydroxy group in R 1 , R 2 and Ar is 
35 retained. 

An alternative procedure for the preparation of the carboxylic acid starting material involves the use of car- 
boxypeptidase G2 enzyme to remove the L-glutamic acid residue from a compound of formula (I) but in which 
R 3 is instead such a residue. 

A further preferred process for the manufacture of a quinazoline of the invention, wherein R 1 is alkoxy, ar- 
40 yloxy or alkoxy of up to 3 carbon atoms which bears one or more substituents selected from hydroxy and alkoxy 
of up to 6 carbon atoms, comprises the reaction of a compound of the formula:- . 



45 



50 




with a compound of the formula 
55 HNR^Ar-COR 3 
wherein R 1 has the last-mentioned meaning stated above; 

wherein R 2 R 3 , R 4 , R 6 , R 8 , R 7 , R 8 , Ar and Z have the meanings stated above, provided that any mercapto, amino, 
alkylamino and carboxy group in R 2 , R 3 and Ar is protected by a conventional protecting group, for example 
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as stated above, and any hydroxy group in R 1 , R 2 , R 3 and Ar may be protected by a conventional protecting 
group, for example as stated above, or alternatively any hydroxy group need not be protected; 
whereafter any undesired protecting group is removed by conventional means, for example as stated above, 
and the R 1 group situated at the 4-position of the quinazoline ring is cleaved by hydrolysis with a base, for ex- 
5 ample sodium hydroxide, to form a quinazoline of the invention. 

A further preferred process for the manufacture of a quinazoline of the invention, wherein R 1 is mercapto 
or alkylthio comprises the reaction of a quinazoline of the formuia:- 



10 



15 




20 wherein R 1 is halogeno or halogenoalkyl and R 2 , R 3 , R 4 , R 6 , R e , R 7 , R8, R9 and Ar have the meanings stated 
above, provided that any mercapto, amino, alkylamino, carboxy and hydroxy group in R 2 , R 3 and Ar may be 
protected by a conventional protecting group, for example as stated above, or alternatively any amino, alkyla- 
mino, carboxy and hydroxy group need not be protected; 

with thiourea to provide a compound wherein R 1 is mercapto; or with an alkyi thiol to provide a compound where- 
25 in R 1 is alkylthio, arylthio whereafter any undesired protecting group including any protecting group R 9 is re- 
moved by conventional means, for example as stated above. 

A further preferred process for the manufacture of a quinazoline of the invention wherein R 1 is alkylthio 
comprises the reaction of a quinazoline of the formula: 



R 6 R 4 R 5 



35 




40 

wherein R 1 is mercapto and R 2 , R 3 , R 4 , R 5 , R 8 , R 7 , R 8 , R 9 and Ar have the meanings stated above, provided 
that any mercapto, amino, alkylamino, carboxy and hydroxy group in R 2 , R 3 and Ar may be protected by a con- 
ventional protecting group, for example as stated above, or alternatively any amino, alkylamino, carboxy and 
hydroxy group need not be protected; with a base, for example ammonium hydroxide, followed by alkylation 
45 of the resultant thiolate salt with an alkyi halide, for example methyl iodide; whereafter any undesired protecting 
group including any protecting group R 9 is removed by conventional means, for example as stated above. 

An alternative process for the manufacture of a quinazoline of the invention comprises the reaction of a 
compound of the formula:- 

50 



55 
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10 




with a compound of the formula:- 

HNR2-Ar-COR3 

and within these compounds R\ R 2 , R 3 , R\ R 5 , R 6 , R 7 , R 8 , R* and Ar have the meanings stated above, provided 

15 that when there is a hydroxy group in R 1 , R 3 or Ar, when there is a hydroxyalkyi group in R 1 or R 2 when there 
is a hydroxyalkoxy group in R 1 , when there is an amino group in R 1 , R 3 or Ar, when there is an aminoalkyl group 
in R 2 , when there is an alkylaminoalkyl group in R 2 , when there is a carboxy or carboxyaikyl group in R 2 or R 3 
or when there is a mercapto or mercaptoalkyl group in R 1 , R 2 or R 3 any amino, carboxy and mercapto group 
is protected by a conventional protecting group, for example as stated above, and any hydroxy group may be 

20 protected by a conventional protecting group, for example as stated above, or alternatively any hydroxy group 
need not be protected; Z is a displaceable group; whereafter any undesired protecting group including any pro- 
tecting group R 9 is removed by conventional means, for example as stated above. 

When a novel compound of the formula (I) is required in a pharmaceutical ly acceptable salt form, it may 
be obtained, for example, by reaction of said compound with a suitable acid or base using a conventional pro- 

25 cedure. When a novel compound of the formula (I) is required in a pharmaceutically acceptable ester form, it 
may be obtained, for example, by reaction of said compound with a suitable acid or alcohol using a conventional 
procedure. When a novel compound of the formula (I) is required in a pharmaceutically acceptable amide form, 
it may be obtained, for example, by reaction of said compound or a suitable derivative thereof such as the acid 
chloride with ammonia or a suitable amine. 

30 When an optically active form of a compound of the formula (I) is required, it may be obtained by carrying 
out one of the aforesaid processes using an optically active starting material, or by resolution of a racemic form 
of said compound using a conventional procedure. 

As stated above quinazolines are believed to function as anti-cancer agents at least in part due to their 
ability to inhibit the enzyme thymidylate synthase. This anti-cancer activity may be assessed, for example, using 

35 one or more of the procedures set out below:- 

(a) An in vitro assay which determines the ability of a test compound to inhibit the enzyme thymidylate syn- 
thase. Thymidylate synthase may be obtained in partially purified form from L1210 mouse leukaemia cells 
and utilised in the assay using the procedures described by Jackman et al (Cancer Res., 1986, 46, 2810); 

(b) An assay which determines the ability of a test compound to inhibit the growth of the leukaemia ceil 
40 line L1210 in cell culture. The test may be similar to that described in UK Patent Specification No. 

2065653B; and 

(c) An assay which determines the ability of a test compound to inhibit the growth of the human breast can- 
cer cell line MCF-7 in cell culture. The test may be similar to that described by Lippman et a! (Cancer Res., 
1976,36,4595). 

45 Although the pharmacological properties of quinazolines of the invention vary with structural change, in 
general quinazolines of the invention possess thymidylate synthase inhibitory properties at the following con- 
centrations:- ICso in the range, for example, 0.001 -10 or 20 nM; or quinazolines of the invention possess L1210 
cell-line inhibitory properties at the following concentrations:- IC50 in the range, for example, 0.001-50 or 100 
HM. 

so In general those quinazolines of the invention which are especially preferred possess thymidylate synthase 
inhibitory properties at the following concentration:- IC50 of less than 1 u.M; or they possess L1210 cell-line in- 
hibitory properties at the following concentration:- IC 50 of less than 10 u.M. 

As regards the inhibition of the MCF-7 cancer cell line, in general quinazolines of the invention possess 
inhibitory properties at the following concentrations:- ICso in the range, for example, 0.1-50 or -100 u,M. Espe- 

55 cially preferred quinazolines possess MCF-7 cell line inhibitory properties at the following concentration: ICso 
of less than 5 ^M. 

Thus, by way of example, the quinazoline ^-^[^-(S^dihydr^-methyi^oxoquinazolin-e-ylmethylJ-N- 
(prop-2-ynyl)amino]benzoyl-L-glutamyl-D-glutamic acid, has an ICso of 0.0046 u.M against thymidylate synthe- 
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tase, an IC50 of 0.18 uM against the L1210 cell line, an IC^ of 0.3 u,M against the MCF-7 cell line. 

In vivo tests in mice at a dosage 100 mg/kg with various compounds according to the invention have shown 
a substantial lack of cleavage of the central amide linkage of the dipeptide as assessed by measurement of 
the amount of the cleavage product as a percentage of the total of parent compound and cleavage product 
5 present in the liver or plasma of a mouse sacrificed 1 hour after intraperitoneal administration of the dipeptide, 
i.e. cleavage was within the limit of experimental detection which is about 5%. Although a minor degree of cleav- 
age of this amide linkage of the quinazoline is acceptable when it is used in practice, a level of cleavage on 
administration in vivo of less than 10% is preferred, with no more than about 5% being desirable, especially 
2% or 1% or less. 

10 A quinazoline of the invention may be administered to a warm-blooded animal, including a human, in the 
form of a pharmaceutical composition which comprises the quinazoline in association with a pharmaceutically- 
acceptable diluent or carrier. 

The composition may be in a form suitable for oral administration, as a tablet or capsule, or, especially, for 
parenteral injection or infusion, as a sterile solution, suspension or emulsion, or for topical administration, as 

15 an ointment or cream, or for rectal administration as a suppository. 

The composition may contain, in addition to the quinazoline of the invention, one or more other anti-cancer 
substances selected from, for example, mitotic inhibitors, for example vinblastine; alkylating agents, for exam- 
ple cis-platin, carboplatin and cyclophosphamide; other antimetabolites, for example 5-fluorouracil, cytosine 
arabinoside and hydroxyurea; intercalating antibiotics, for example adriamycin and bleomycin; enzymes, for 

20 example asparaginase; topoisomerase inhibitors, for example etoposide and biological response modifiers, for 
example interferon 

The quinazoline will normally be administered to a warm-blooded animal at a dose within the range 50- 
25000 mg per square metre body area of the animal, i.e. approximately 1-500 mg/kg. It will be appreciated, 
however, that where desired dosages outside this range may be employed and, in particular, where the pre- 
25 ferred mode of administration involving subcutaneous infusion is used then the dose range may be increased 
to 1000-1 mg/kg. Preferably a daily dose in the range 1-50 or 1-150 mg/kg is employed, particularly 30-80 
mg/kg. 

Accordingly the present invention also includes a method for aiding regression and palliation of cancer in 
a warm-blooded animal such as man, in need of such treatment, which comprises administering to said animal 
30 an effective amount of a quinazoline as defined hereinbefore. The invention also provides the use of such a 
quinazoline in the manufacture of a novel medicament for use in the treatment of cancer 

Quinazolines of the present invention are of interest for a wide range of anti-tumour activities, particularly 
in the human, including the treatment of breast, ovarian and liver cancer. In addition they are of interest in the 
context of the treatment of a range of leukaemias, lymphoid malignancies and solid tumours such as carcinomas 
35 and sarcomas. 

In view of the activity shown by antimetabolites such as aminopterin and methotrexate, which is discussed 
hereinbefore, the quinazolines of the present invention are also of interest for use in the treament of other con- 
ditions, for example allergic conditions such as psoriasis. In using a quinazoline of the invention for such a pur- 
pose the compound will normally be administered at a dose within the range 50-25000 mg per square metre 
40 body area of the animal, i.e. approximately 1-500 mg/kg. It will be appreciated, however, that where desired 
dosages outside this range may be employed. In general, for the treatment of an allergic condition such as psor- 
iasis topical administration of a quinazoline of the invention is preferred. Thus, for example, for topical admi- 
mistration a daily dose in the range, for example, of 1-50 or 1-150 mg/kg may be used, particularly 30-80 mg/kg. 

Compositions containing the quinazolines may be formulated in unit dosage form, i.e. in the form of discrete 
45 portions each comprising a unit dose, or a multiple or sub-multiple of a unit dose, for example an amount of 
the quinazoline in the range of 1-250 or 500 mg. 

The invention is illustrated by the following Examples. 

The structures of all compounds of the invention were confirmed by proton magnetic resonance and mass 
spectroscopy and by elemental analysis. Proton magnetic resonance and mass spectra were determined using 
so a Bruker WM250 spectrometer operating at a field strength of 250 MHz. Chemical shifts are reported in parts 
per million downfield from tetramethyisilane as an internal standard (6 scale) and peak multiplicities are shown 
thus: s, singlet; d, doublet; d of d's, doublet of doublets; t, triplet; m, multiplet, the attribution beiieved to be ap- 
propriate for each signal also being indicated. Mass spectra were obtained using a VG analytical ZAB SE spectr- 
ometer with fast-atom bombardment ionization (FAB) or a Finnigan TSQ 700 spectrometer with electros pray 
55 ionization (ESI). Where appropriate, either positive ion data or negative ion data were collected. 
Column chromatography was performed using Merck Art 15111 silica gel. 

Intermediates for the preparation of compounds according to the invention containing other groups R\ R 2 , 
R 4 to R 8 and Ar are described in UK patents 2 065 653, 2175 903, 2188 319 and 2 202 847 and in UK patent 
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applications 2 217 709, 2 227 016 and 2 244 708, and in the equivalents thereof filed in other countries. 
EXAMPLES 

5 Example 1 : N-p-[N-(3,4 Dihydro-2-methyl-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoyl-L-y- 
glutamyl-D-glutamic acid 

(1) Tri-tert-butyl-L-y-glutamyl-D-glutamate 

D-Glutamic acid (5.88 g), tert-butyl acetate (100 ml) and 70% aqueous perchloric acid (6.3 g) were stirred 
10 at laboratory temperature for 4 days. The mixture was then cooled in an ice-water bath and extracted with 0.5 
N hydrochloric acid (3 x 1 00 ml). The combined aqueous extracts were immediately neutralised with solid so- 
dium bicarbonate. The aqueous solution was extracted with diethyl ether (3 x 100 ml), the ether extracts pooled, 
dried over anhydrous sodium sulphate and the ether evaporated in vacuo to give di-tert-butyl-D-glutamate 
(0.855 g). 

15 To a stirred solution of a-tejt-butyl-N-benzyloxycarbonyl-L-glutamate (Org. Prep. Proc. Int., 1985, 17, 41 6; 

1 .01 1 g) and N-methylmorpholine (0.303 g) in dry tetrahydrofuran (10 ml) cooled to -20°C was added isobutyl 
chloroformate (0.408 g). After 10 minutes a solution of di-tert-butyl-D-glutamate (0.855 g) in tetrahydrofuran 
(10 ml) was added. Stirring was continued for 10 minutes at -20°C, and then at laboratory temperature for 1 
hour. N-methylmorpholine hydrochloride was filtered off and the filtrate evaporated to dryness in vacuo . The 

20 residue was dissolved in ethyl acetate (100 ml) and washed with 10% aqueous citric acid (2 x 50 ml), saturated 
aqueous sodium bicarbonate (100 mi) and dilute aqueous sodium chloride (100 ml), then dried over anhydrous 
sodium sulphate, filtered and evaporated in vacuo . The residue was purified by chromatography on a silica gel 
column using 2% MeOH in dichioromethane as eiuant. The product was triturated in hexane and the white solid 
isolated by filtration, washed with hexane and dried in vacuo . There was thus obtained tri-tert-butyl-N-[N-(ben- 

25 zyloxycarbonyi)-L-y-glutamyl]-D-glutamate (1.363 g), m.p. 110°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.39 (s, 27H, C(CH 3 ) 3 ), 1.73, 1.89 (2 x m, 4H, p-CHJ, 2.23 (m, 4H, y-CH 2 ), 3.89 
(m, 1H, glu L a-CH), 4.10 (m, 1H, glu D a-CH), 5.03, 5.04 (ABq 14.0 Hz, 2H, ArCHJ, 7.36 (m, 5H, ArH), 7.63 
(d, J = 7.7 Hz 1 H, glu L NH), 8.1 3 (d, J = 7.7 Hz, 1 H, glu D NH). 
Mass Spectrum (positive ion FAB): m/e 579 (M+H) + . 

30 Elemental Analysis: Found C, 62.30; H, 7.95; N, 4.85%. CaoH^^Oe requires c, 62.27; H, 8.01; N, 4.84%. 

A solution of tri-tert- butyl N-[N-(benzyloxycarbonyl)-L-y-glutamyl]-D-glutamate (0.867 g) in ethyl acetate 
containing 10% Pd/C (0.1 g) was stirred under hydrogen for 2.5 hours. The catalyst was removed by filtration 
and the filtrate evaporated to dryness in vacuo , yielding tri-tert-butyl-L-y-glutamyl-D-glutamate (0.666 g). 

(2) p_-[N-(3,4-Dihydro-2-methyl-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid 

35 A mixture of tert-butyl g-aminobenzoate (Synth. Commun., 1984, 14, 921; 10.5 g), propargyl bromide (7.3 

ml of an 80% solution in toluene), potassium carbonate (7.5 g) and N,N-dimethyiacetamide (85 ml) was heated 
to 50°C for 24 hours, cooled, filtered and evaporated. The residue was purified by chromatography on a silica 
gel column using a 6:1 v/v mixture of hexane and ethyl acetate as eiuant. 

A mixture of the product (7.3 g); 6-bromomethyl-3,4-dihydro-2-methylquinazolin-4-one (8 g; prepared as 

40 described in Example 3 of UK Patent 2188 319B), calcium carbonate (3.2 g) and dimethylformamide (100 ml) 
was stirred at laboratory temperature for 65 hours, filtered and evaporated. The residue was purified by chro- 
matography on a silica gel column using ethyl acetate as eiuant 

The mixture of the product (2.5 g) and trifluoroacetic acid (25 ml) was stirred at laboratory temperature for 
10 minutes and evaporated to give the £-aminobenzoic acid as its trifluoroacetic acid salt (2.5 g). 

45 (3) N-pj-[N-(3,4-dihydro-2-methyl-4-oxoquinaz 
glutamic acid 

A mixture of p^[N-(3,4^dihydro-2-methy}-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid, 
trifluoroacetate salt (0.461 g) and trMert-butyl-L-y-glutamyl-D-glutamate (0.666 g) was dissolved in dry dime- 
thylformamide (15 ml) at laboratory temperature and to this solution was added diethyl cyanophosphonate 

so (0.359 g) and then triethylamine (0.222 g). The mixture was stirred under nitrogen and in the dark for 2.5 hours 
and then diluted with ethyl acetate (100 ml) and water (100 ml). The water layer was separated and extracted 
with ethyl acetate (2 x 100 ml). The combined ethyl acetate extracts were washed with 10% aqueous citric acid 
(2 x 50 ml), saturated aqueous sodium bicarbonate (100 ml) and dilute aqueous sodium chloride (100 ml), then 
dried over anhydrous sodium sulphate, filtered and evaporated in vacuo . The residue was purified by chroma- 

55 tography on a silica gel column using 1% methanol in ethyl acetate as eiuant. The product was crystallised 
from dichloromethane/hexane and there was thus obtained tri-tert-butyl-N-p-[N-(3,4-dihydro-2-methyl-4-oxo- 
quinaiOlin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoyl-L-y-glutamyl-D-glutamate (containing 0.5 equivalents of 
water; 0.467 g), m.p. 116-117°C. 
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NMR Spectrum (CD 3 SOCD 3 ): 1 .38, 1.40 (2 x s, 27H, (CH 3 ) 3 ), 1.72, 1.88, 1.99 (3 x m, 4H, p-CHJ, 2.24 (t, J = 
7.4 Hz, 4H, y-CH 2 ), 2.33 (s, 3H, quinazoline 2-CH 3 ), 3.22 (s, 1H, C=CH), 4.10 (m, 1H, glu 0 a-CH), 4.25 (m, 1H, 
glu L a-CH), 4.34 (s, 2H, CH 2 C=C), 4.78 (s, 2H, quinazoline 6-CH 2 ), 6.84 (d. J = 8.8 Hz, 2H, 3'.5'-ArH), 7.54 (d, 
J = 8.4 Hz, 1H, quinazoline 8-H), 7.70 (dd, J = 1.6 Hz, 1H, quinazoline 7-H), 7.74 (d, J = 8.8 Hz, 2',6'-ArH), 
5 7.96 (s, 1H, quinazoline 5-H), 8.15 (d, J = 7.5 Hz, 1H, glu D NH), 8.31 (d, J = 7.2 Hz, 1H, glu L NH), 12.18 (s, 
1H, lactam NH). 

Mass Spectrum (positive ion FAB): m/e 773 (M + ); 
Elemental Analysis: Found C, 64.51; H, 7.12; N, 8.97%. 
C«H55N 5 O 9 .0.5 H 2 0 requires C, 64.43; H, 7.21; N, 8.95%. 

w A mixture of fri-tert-butyl-N-p-[N-(3,4-dihydro 

no]benzoyl-L-y-glutamyl-D-glutamate (0.235 g) and trifluoroacetic acid (10 ml) was stirred at laboratory tem- 
perature for 1 hour in the dark and under a nitrogen atmosphere. The solution was then evaporated in vacuo 
and the residue triturated with diethyl ether (30 mi). The white solid was isolated by filtration, washed with diethyl 
ether (4 x 10 ml) and dried in vacuo . There was thus obtained N-2-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin- 

15 6-ylmethyl)-N-(prop--2-ynyl)amino]benzoyl-L-y-glutamyl-D-glutamic acid (containing 1.4 equivalents of trifluor- 
oacetic acid; 0.231 g), m.p. 146-148°C. 

NMR Spectrum: (CD 3 SOCD 3 ), 1.74, 1.92, 2.04 (3 x m, 4H, p-CHj), 2.26 (t, J = 7.3 Hz, 4H, y-CH 2 ), 2.39 (s, 3H, 
quinazoline 2-CH 3 ), 3.23 (s, 1H, C=CH), 4.18 (m, 1H, glu D a-CH), 4.31 (m, 1H, glu L a-CH), 4.35 (s, 2H, 
CH 2 C=C), 4.80 (s, 2H, quinazoline 6-CH^) t 6.84 (d, J = 8.8 Hz, 2H, 3\5'-ArH), 7.57 (d, J = 8.4 Hz, 1H, quinazoline 
20 8-H), 7.75 (d, J = 8.7 Hz, 3H, 2',6'-ArH, quinazoline 7-H), 7.99 (s, 1H, quinazoline 5-H), 8.15 (d, J = 7.7 Hz, 
1H, glu D NH), 8.31 (d f J = 7.5 Hz, 1H, glu, NH), 12.48 (bd, C0 2 H). 
Mass Spectrum (positive ion FAB): m/e 606 (M+H) + . 
Elemental Analysis: Found C, 51.49; H, 4.46; N, 9.49%. 
CsoH^NsOg-I^CF^OzH requires C, 51.48; H, 4.27; N, 9.15%. 

25 

Example 2 : N-p-[N-(3,4-dihydrc~2-methyl-^ 
glutamyl-D-alanine 

(1 ) Di-tert-butyl-L-y-glutamyl-D-alanine 

30 To a stirred solution of a-tert-butyl-N-carbobenzoxy-L-glutamate (2.022 g) and N-methylmorpholine (0.606 

g) in dry tetrahydrofuran (10 ml) cooled to -20°C was added isobutyi chloroformate (0.816 g). After 10 minutes 
a slurry of D-alanine a-tert-butyi ester hydrochloride (1.09 g) and N-methylmorpholine (0.606 g) in tetrahydro- 
furan (10 ml) was added. Stirring was continued for 10 minutes at -20°C, and then at laboratory temperature 
for 1 hour. N-methylmorpholine hydrochloride was filtered off and the filtrate evaporated to dryness in vacuo . 

35 The residue was dissolved in ethyl acetate (1 00 ml) and washed with 10% aqueous citric acid (2 x 50 ml), satu- 
rated aqueous sodium bicarbonate (100ml) and dilute aqueous sodium chloride (100 mi), then dried over an- 
hydrous sodium sulphate, filtered and evaporated in vacuo . The residue was purified by chromatography on a 
silica gel column using dichloromethane:ethyl acetate (2:1 ratio) as eluant. There was thus obtained di-tert- 
butyi N-[N-(benzyloxycarbonyl)-L-y-glutamyl]-D-alanine (2.3 g), m.p. 78-80°C. 

40 NMR Spectrum (CD 3 SOCD 3 ): 1.21 (d, J = 7.3 Hz, 3H, ala-CH 3 ), 1.38, 1.39 (2 x s, 18H, C(CH 3 ) 3 ), 1.74, 1.90 (2 
x m, 2H, P-CH 2 ), 2.18 (t, J = 7.5 Hz, 2H, y-CH 2 ), 3.88 (m, 1H, glu a-CH), 4.06 (m, 1H, ala a-CH), 5.02, 5.03 
(ABq, = 12.5 Hz, 2H, ArCH 2 ), 7.35 (m, 5H, ArH), 7.64 (d, J = 7.7 Hz, 1H, glu NH), 8.17 (d, J = 7.0 Hz, 1H, 
ala NH). 

Mass Spectrum (positive ion FAB): m/e 465 (M+H) + . 
45 Elemental Analysis: Found C, 61.74; H, 7.73; N, 6.11%. 

C^H^NOe requires C, 62.05; H, 7.81 , N, 6.03%. 

A solution of the product (0.696 g) in ethyl acetate containing 1 0% Pd/C (0.1 g) was stirred under hydrogen 

for 2.5 hours. The catalyst was removed by filtration and the filtrate evaporated to dryness in vacuo , yielding 

di-tert-butyl-L-^glutamyl-D-alanine (0.480 g). 
50 (2) N-j>[N-(3,4-dihydro-2-methyl-4-oxoqw 

alanine 

The process described in Example 1(3) was repeated using di-tert-butyl-L-y-glutamyl-D-alanine (0.48 g) 
as starting material in place of tri-tert-butyl-L-y-glutamyl-D-glutamate. There was thus obtained di-tert-butyl-N- 
E-N-(3,4-dihydro-2-me%l-4-oxoquinazolin-6-ylmeth^^ 
55 (0.291 g), m.p. 166-1 68°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.19 (d t J = 7.3 Hz, 3H, ala-CH 3 ), 1.37, 1.40 (2 x s, 18H, C(CH 3 ) 3 ), 1.96 (m, 2H, 
p-CH 2 ), 2.23 (m, 2H, y-CHz), 2.32 (s, 3H, quinazoline 2-CH 3 ), 3.23 (s, 1H, C=CH), 4.07 (quintet, J = 7.3 Hz, 
1H, ala a-CH), 4.24 (m, 1H, glu a-CH), 4.34 (s, 2H, CH 2 feC), 4.78 (s, 2H, quinazoline 6-CH 2 ), 6.83 (d, J = 8.8 



14 



EP 0 509 643 A1 



Hz, 2H, 3',5'-ArH), 7.54 (d t J = 8.4 Hz, 1H, quinazoline 8-H), 7.69 (dd, 1H, quinazoline 7-H), 7.73 (d, J = 8.9 

Hz, 2H, 2',6'-ArH), 7.96 (s t 1H, quinazoline 5-H), 8.19 (d, J = 7.0 Hz, 1H, ala NH), 8.31 (d, J = 7.2 Hz, 1H t glu 

NH), 12.19 (s, 1H, lactam NH). 

Mass Spectrum (positive ion FAB): m/e 660 (M+H) + ; 
5 Elemental Analysis: Found C, 65.45; H, 7.01; N, 10.43%. 

C38H45N5O7 requires C, 65.54; H, 6.87; N, 10.61%. 
Di-tert-butyl-N-p-N-(3.4-dihydro-2-methyl-4-oxoq 

glutamyl-D-alanine (0.1 g) was treated with trifluoroacetic acid as described in Example 1(3). There was thus 

obtained N-p_-N-(3,4-d i hydro- 2-methyl-^^ 
10 myl-D-alanine (containing 1 equivalent of CF 3 C0 2 H and 0.7 equivalents of ether; 0.084 g), m.p. 180°C (de- 

comp). 

NMR Spectrum: (CD3SOCD3), 1.21 (d, J = 7.3 Hz, 3H. ala-CH 3 ), 1.94, 2.03 (2 x m, 2H, p-CH 2 ), 2.22 (m, 2H, 
Y-CHj), 2.38 (s. 3H, quinazoline 2-CH 3 ), 3.23 (s, 1H, C=CH), 4.16 (m, 1H, ala a-CH), 4.30 (m, 1H, glu a-CH), 
4.34 (s, 2H, CH 2 C=C), 4.80 (s, 2H, quinazoline 6.83 (d, J = 8.3 (Hz, 2H, 3',5'-ArH), 7.57 (d, J = 8.4 Hz, 

15 1H, quinazoline 8-H), 7.74 (d, J = 8.4 Hz, 3H, 2',6'-ArH, quinazoline 7-H), 7.99 (s, 1H, quinazoline 5-H), 8.17 
(d, J = 7.3 Hz, 1H, ala NH), 8.30 (d, J = 7.1 (Hz, 1H, glu NH). 
Mass Spectrum (positive ion FAB): m/e 548 (M+H) + . 
Elemental Analysis: Found C, 55.09; H, 5.43; N, 9.79%. 
C 2 flH 29 N5O 7 'CF 3 CO2H 0.7(C2H5)2O requires C, 55.22; H, 5.19; N, 9.82%. 

20 

Example 3 : N-p-[N-(2-Amino-3 t 4-dihydro-4-oxoquinazolin-6-ylmethyl)N-(prop-2-ynyl)amino1benzoyl-L-Y-glu- 
tamyl-D-glutamic acid. 

(1 ) p-[N-(2-Amino-3,4-dihydro-4-oxoquinazolin-6-ylmethyl)N-(prop-2-ynyl)amino]benzoic acid, trifluoroace- 
25 tate salt 

A stock solution of Tris-buffer was prepared by dissolving Trizma base (12.11 g) and zinc chloride (0.035 
g) in distilled water (1 litre). N-£-[N-(2-Amino-3,4-dihydr^ 

no]benzoyl-L-glutamic acid, disodium salt (1 g) (prepared as described in Example 4 of UK Patent 2065653B) 
was dissolved in Tris buffer (1 00 ml) at pH 10.4 and the solution adjusted to pH 7.3 using 2N hydrochloric acid. 

30 The solution was shaken at 37°C and the reaction initiated by the addition of carboxypeptidase G2 (200 u,L of 
a stock solution: 1000 units/ml; Eur. J. Biochem., 1985, 148, 447). After 12 hours, the mixture was cooled in 
ice and adjusted to pH 4 with 2N hydrochloric acid. The precipitate was filtered off, washed with water (2 x 50 
ml) and dried in vacuo over phosphorous pentoxide. There was thus obtained 2-[N-(2-amino-3,4-dihydro-4- 
oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid (0.579 g), m.p.>300°C (decomp.). 

35 NMR Spectrum (CD 3 SOCD 3 ): 3.24 (d, J = 2.0 Hz, 1H, CsCH), 4.30 (s, 2H, CH 2 CsC), 4.68 (s, 2H, quinazoline 
6-CH2), 6.40 (s, 2H, quinazoline 2-NHJ, 6.84 (d, J = 7.3 Hz, 2H, 3',5'-ArH), 7.17 (dd, J = 8.3, 1 .5 Hz, 1H, qui- 
nazoline 7-H), 7.49 (d, J = 8.5 Hz, 1H, quinazoline 8-H), 7.76 (d, J = 8.2 Hz, 3H, 2\6'-ArH, quinazoline 5-H), 
11.30 (s, 1H, lactam NH). 

A mixture of the product (0.579 g) and trifluoroacetic acid (1 0 ml) was stirred at laboratory temperature for 
40 1 hour in the dark and under a nitrogen atmosphere. The solution was then evaporated in vacuo and the residue 
triturated with diethyl ether (50 ml). The buff solid was isolated by filtration, washed with diethyl ether (4x10 
ml) and dried in vacuo . There was thus obtained 2-[N-(2-amino-3,4-dihydro-4-oxoquinazolin-6-ylmethyl)N- 
(prop-2-ynyl)amino]benzoic acid, trifluoroacetate salt (0.765 g), m.p. 251 °C. 

NMR Spectrum (CD 3 SOCD 3 ): 3.27 (s, 1H, CsCH), 3.70 (s, 1H, C0 2 H), 4.35 (s, 2H, CH 2 CsC), 4.76 (s, 2H, qui- 
45 nazoline 6-CHz), 6.82 (d, J = 8.7 Hz, 2H, 3\5'-ArH), 7.38 (d, J=8.4 Hz, 1H, quinazoline 8-H), 7.70 (m, 1H, qui- 
nazoline 7-H), 7.75 (d, J = 8.7 Hz, 2H, 2\6'-ArH), 7.88 (s, 1H, quinazoline 5-H), 8.04 (s, 2H, quinazoline 2- 
NHa), 12.28 (s,1H, lactam NH). 

(2) N-pj-[N-(2-Aminch3,4-dihydro-4-oxoquinazoH^ 
glutamic acid. 

so The process described in Example 1(3) was repeated using 2-[N-(2-amino-3,4-dihydro-4-oxoquinazo!in- 

6-ylmethyl)-N-prop(-2-ynyl)amino]benzoic acid, trifluoroacetate salt (0.46 g) as starting material in place of N- 
r>[N-(3,4-dihydro-2-methyl-4-oxoqui^ acid, trifluoroacetate 

salt. There was thus obtained tri-tert-buWI-N-p-[N-(2-amino-3,4-dihydro-4-oxoquinazoiin-6-vlmethvl)-N-(prop- 
2-ynyl)amino]benzoyl-L-y-glutamyl-D-glutamate (0.532 g), m.p. 123-125°C. 

55 NMR Spectrum (CD 3 SOCD 3 ): 1.38, 1.40 (2 x s, 27H, C(CH 3 ) 3 ), 1.71, 1.89, 1.97 (3 x m, 4H, 0-CH 2 ), 2.24 (m, 
4H, y-CHz), 3.22 (s, 1H, CsCH), 4.10 (m, 1H, glu D a-CH), 4.24 (m, 1H, glu L a-CH), 4.28 (s, 2H, CH 2 CsC), 4.66 
(s, 2H, quinazoline 6-CH2), 6.31 (s, 2H, quinazoline 2-NHJ, 6.84 (d, J = 8.8 Hz, 2H, 3\5'-ArH), 7.16 (d, J = 8.5 
Hz, 1H, quinazoline 8-H), 7.49 (dd, J = 8.3, 1.0 Hz, 1H, quinazoline 7-H), 7.74 (d, J = 8.8 Hz, 2H, 2',6'-ArH), 
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7.78 (d, J = 1.4 Hz, 1H, quinazoline 5-H), 8.16 (d, J = 7.6 Hz, 1H, glu D NH), 8.32 (d, J = 7.3 Hz, 1H, glu L NH), 
10.94 (s, 1H, lactam NH), 

Mass Spectrum (positive ion FAB): m/e 775 (M+H) + . 
Elemental Analysis: Found C, 62.84; H, 7.09; N, 10.74% 

5 C 4 iH54N 6 0 9 .0.5H 2 0 Requires C, 62.81; H, 7.07; N, 10.72%. 
Tri-tert-butyl-N-p-[N-(2-aminc-3 t 4-dihyd 
glutamyl- D-giutamate (0.1 g), was treated with trifluoroacetic acid as described in Example 1(3). There was 
thus obtained N-p r [N-(2-amino-3,4-dihydro-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynv^ 
glutamyl-D-glutamicacid (containing 0.7 equivalents ofCF 3 COOHand 1 equivalent of H 2 0; 0.099 g),m.p. 211- 

10 213°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.74, 1.93, 2.04 (3 x m, 4H, p-CHJ, 2.25 (m, 4H, y-CHi). 3.23 (s, 1H, teCH), 
4.18 (m, 1H, glu D a-CH), 4.32 (m, 3H, CH 2 CsC and glu L a-CH), 4.73 (s, 2H, quinazoline 6-CHz), 6.83 (d t J = 
8.4 Hz, 2H, 3',5'-ArH), 7.33 (d, J=8.3 Hz, 1H, quinazoline 8-H), 7.65 (d, J = 8.6Hz, 1H, quinazoline 7-H), 7.75 
(d, J = 8.2 Hz, 4H, 2',6'-ArH and quinazoline 2-NHJ, 7.87 (s, 1H, quinazoline 5-H), 8.16 (d, J = 7.5 Hz, 1H, 
15 glu 0 NH), 8.32 (d, J = 7.3 Hz, 1H, glu L NH), 12.44 (br, C0 2 H). 
Mass Spectrum (positive ion FAB): m/e 629 (M+Na) + . 
Elemental Analysis: Found C, 51.71; H, 4.54; N, 11.81; F, 5.65% 
C^H^NA^^ CF 3 COOHH 2 0 requires C, 51.83; H, 4.68; N, 11.93; F, 5.66%. 

20 Example 4: N-p-[N-(3,4-dihydro-2-methyl-^ 
glutamyi-D-phenylalanine. 

(1 ) Dhtert-butyl-L^-glutamyl-D- phenyl alanine. 

N-benzyloxycarbonyl-D-phenyialanine (2.99 g) was dissolved in dichloromethane (83 mi) in a 500 ml pres- 

25 sure bottle. To this solution concentrated sulphuric acid (0.37 ml) was added followed by liquid isobutylene (41 
ml) at -20°C. The resulting solution was shaken at room temperature for 28 hours and then neutralised with a 
saturated solution of sodium bicarbonate. Ethyl acetate (1 50 mi) was added, the two layers separated and the 
aqueous layer washed with more ethyl acetate (1 x 100 ml). The combined organic extracts were then washed 
successively with a saturated solution of sodium bicarbonate (2 x 100 ml) and water (2 x 100 ml). After drying 

30 over magnesium sulphate the solvent was concentrated in vacuo to give a white solid. This was purified by 
chromatography on a silica gel column using 5% ethyl acetate in dichloromethane as eluant There was thus 
obtained tert-butyl-N-benzyloxycarbonyl-D-pheriylalanine (2.53 g), m.p. 80-81 °C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.33 (s, 9H, C(CH 3 ) 3 ), 2.90 (bd m, 2H f 0-CHz), 4.13 (m, 1H, a-CH), 4.99 (m f 2H, 

ArCH 2 0), 7.29 (m, 10H, 2 x Ar), 7.72 (d, J = 7.7 Hz, 1H, NH). 
35 Mass Spectrum (C.I.): m/e 356 (M+H) + . 

Elemental Analysis: Found C, 70.80; H, 7.02; N, 3.91%. 

C 21 H 25 N0 4 requires: C, 70.96; H, 7.09; N, 3.94%. 

A solution of the product (2.45 g) in ethyl acetate (220 ml) containing 10% Pd/C (0.26 g) was stirred under 

hydrogen for 15 hours. The catalyst was removed by filtration and the filtrate concentrated in vacuo , yielding 
40 tert-butyl-P-phenylalanine (1 .50 g). 

To a stirred solution of a-tert-butyl-N-benzyloxycarbonyl-L-glutamate (1.051 g) and N-methylmorpholine 

(0.315 g) in dry tetrahydrofuran (5 ml) cooled to -20°C was added isobutyl chloroformate (0.424 g). After 10 

minutes a solution of tert-butyl-D-phenylalanine (0.69 g) in dry tetrahydrofuran (5 ml) was added. Stirring was 

continued for 1 0 minutes at -20°C, and then at room temperature for 2 hours. N-Methylmorpholine hydrochloride 
45 was filtered off and the filtrate concentrated in vacuo . The residue was purified by chromatography on a silica 

gel column using a gradient (10% ethyl acetate in dichloromethane and 20% ethyl acetate in dichloromethane) 

as eluant. There was thus obtained di-^-butyl-[N-(benzyloxycarbonyl)-L-y-glutamyl]D- phenyl alanine (1.45 g), 

m.p. 79-80°C. 

NMR Spectrum (CD 3 SOCD 3 ), 1.31, 1.38 (2 x s, 18H, 2 x C(CH 3 ) 3 ), 1.69, 1.85 (2 x m, 2H, glu p-CHJ, 2.16 (t, 
so J = 7.0 Hz. 2H, glu r-CHJ, 2.90 (m, 2H, phe p-CHJ, 3.87 (m, 1H, glu a-CH), 4.32 (m, 1H, phe a-CH), 5.02 (m, 
2H, ArCH 2 OCO), 7.23 (m, 5H, phe J*-CH 2 Ar), 7.35 (m, 5H, ArCH 2 OCO), 7.62 (d, J = 7.7 Hz, 1H, glu NH), 8.24 
(d, J = 7.7 Hz, 1H, pheNH). 
Mass Spectrum (C.I.) m/e 541 (M+H) + . 
Elemental Analysis: Found C, 66.61; H, 7.50; N, 5.13%. 
55 CajH^NjOy requires C, 66.65; H, 7.46; N, 5.18%. 

A solution of di-tert-butyl-N-rN-(benzyloxycarbonyl)-L-Y-glutamyl]-D-phenylalanine (0.700 g) in ethyl acet- 
ate (90 ml) containing 10% Pd/C (0.096 g) was stirred under hydrogen for 2.5 hours. The catalyst was removed 
by filtration and the filtrate concentrated in vacuo , yielding di-tert-butyl-L-y-glutamyl-D-phenylalanine (0.514 g). 
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(2) N-2-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin-6-ylm^ 
phenylalanine. 

The process described in Example 1(3) was repeated using di-tert-butyl-L-y-glutamyi-D-phenylalanine 
(0.447g) in place of tri-tejI-butyl-L-y-glutamyl-D-glutamate. There was thus obtained di-tert-butyl-N-£-[N-(3,4- 
dihydro-2-methy1-4-oxoquinazolin-6-ylmethyi)-N-(pro^ (cx) re- 

taining 1.5 equivalents of water; 0.377 g), m.p. 115-117.5°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.29, 1.39 (2 x s, 18H, 2 x C(CH 3 ) 3 ), 1.92 (m, 2H, glu p-CH 2 ), 2.20 (t, J = 7.3 Hz, 
2H, glu y-CHa), 2.32 (s, 3H, quinazoline 2-CH 3 ), 2.89 (m, 2H, phe y-CH2Ar), 3.23 (s, 1H, ChCH), 4.33 (m, 4H, 
CH 2 ChC, glu a-CH and phe a-CH), 4.78 (s, 2H, quinazoline 6-CHJ, 6.83 (d, J = 8.6 Hz, 2H, 3',5'ArH), 7.20(m, 
5H, phe Ar), 7.54 (d, J = 8.4 Hz, quinazoline 8-H), 7.71 (t, J = 8.6 Hz, 3H, 2',6'-ArH and quinazoline 7-H), 7.96 
(s, 1H, quinazoline 5-H), 8.2B (t, J = 7.0 Hz, 2H, glu NH and phe NH), 12.19 (s, 1H,lactam NH). 
Mass Spectrum (positive ion FAB): m/e 736 (M+H) + . 
Elemental Analysis: Found C, 66.06; H, 6.59; N, 8.88%. 
C 24 H 49 N 6 CV1.5 H 2 0 requires: C, 66.12; H, 6.87; N, 9.17%. 

Di-tert-butyl-N-|>(N-(3,4-dih^ 
glutamyl- D- phenylalanine (0.208 g) was treated with trifluoroacetic acid as described in Example 1(3). There 
was thus obtained N-|>[N-(3,4-dihydro-2-methyl-4-oxoqw^ 

L-y-glutamyl-D-phenylalanine (containing 1 equivalent of trifluoroacetic acid and 0.7 equivalents of water; 0.193 
g), m.p. 130°C (decomp). 

NMR Spectrum (CD 3 SOCD 3 ): 1.92 (bd m, 2H, glu p-CH 2 ), 2.17 (t, J = 7.3 Hz, 2H, glu y-CHz), 2.41 (s, 3H, qui- 
nazoline 2-CH 3 ), 2.81 (dd, = 13.6 Hz, J 2 = 9.8 Hz, 1H) and 3.02 (dd, J, = 13.6 Hz, J 2 = 4.9 Hz, 1H, ArCHJ, 
3.24 (s, 1 H, feCH), 4.35 (m, 4H, CH 2 C=C, glu a-CH and phe a-CH), 4.81 (s, 2H, quinazoline 6-CH^ t 6.82 (d, 
J = 8.8 Hz, 2H, 3',5'ArH), 7.21 (m, 5H, phe Ar), 7.58 (d, J = 8.4 Hz, 1H, quinazoline 8-H), 7.74 (m, 3H, 2',6'- 
ArH and quinazoline 7-H), 8.00 (s, 1H, quinazoline 5-H), 8.22 (d, J = 8.0 Hz, 1H, amidic NH), 8.29 (d, J = 7.4 
Hz, 1H, amidic NH). 

Mass Spectrum (positive ion FAB): m/e 624 (M+H) + . 
Elemental Analysis: Found C, 57.41; H, 4.77; N ( 9.41; F, 7.77%. 
CwH^NgCVCFsCOOH-OJ H 2 0 requires: C, 57.63; H, 4.75; N, 9.33; F, 7.60%. 

Example 5: N-p-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolin-6-yimethyl)-N-(prop-2-ynyl)amino]benzoy^ 
y-glutamyl-D-glutamic acid. 

The process described in Example 1(3) was repeated using £-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquina- 
zolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid, trifluoroacetate salt [0.475 g; the preparation of which is 
described in example 10 of UK Patent 2 202 847B] as starting material in place of N-2-[N-(3,4-dihydro2-methyl- 
4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid, trifluoroacetate salt. There was thus obtained 
tri-tert-butyl-N-p-fN-(3 l 4-dihydro-2 f 7-dimethyl-4-oxoquinazoHn-6-ylmethyl)-N-(prop-2-vnvl)amino1benzo 
glutamyl- D-glutamate (containing 0.5 equivalents of water, 0.460 g), m.p. 159-1 61 .5°C. 
NMR Spectrum (CD 3 SOCD 3 ): 1.37, 1.40 (2 x s, 27H, 3 x C(CH 3 ) 3 ). 1.71, 1.90 (2 x m, 4H, 2 x p-CHJ, 2.24 (t f 
J = 7.0 Hz, 4H, 2 x y-CH 2 ), 2.31 , 2.44 (2 x s, 6H, quinazoline 2-CH 3 and quinazoline 7-CH 3 ), 3.21 (s, 1 H, feCH), 
4.06 (m, 1H, glu 0 a-CH), 4.28 (m, 3H, CH 2 C=C and glu L a-CH), 4.67 (s, 2H, quinazoline 6.80 (d, J = 

7.9 Hz, 2H, 3',5'-ArH), 7.43 (s, 1H, quinazoline 8-H), 7.72 (s, 1H, quinazoline 5-H), 7.75 (d, J = 7.6 Hz, 2H, 
2',6'-ArH), 8.16 (d, J = 7.3 Hz, 1H, glu D NH), 8.34 (d, J = 7.1 Hz, 1H, glu L NH) 12.09 (s, 1H, lactam NH). 
Mass Spectrum (positive ion FAB): m/e 810 (M+Na) + . 
Elemental Analysis: Found C, 64.91; H, 7.34; N, 8.80%, 
C^HsrOaNg O.SHzO require: C, 64.81; H, 7.34; N, 8.79%. 

Tri-tert-buty1-N-p-[N-(3,4-dihydro-2,7-dimethyM^ 
L-y-glutamyl-D-glutamate (0,21 8 g) was treated with trifluoacetic acid as described in Example 1 (3). There was 
thus obtained N-2-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino^ 
L-y-glutamyl-D-glutamicacid (containing 1 equivalent of trifluoroacetic acid, 0.5 equivalents of diethyl ether and 
1.3 equivalents of water, 0.198 g), m.p. 160°C (decomp). 

NMR Spectrum (CDaSOCDa): 1.74, 1.91 (2 x m, 4H, 2 x p-CHJ, 2.23 (m, 4H, 2 x y-CHJ. 2.42, 2.48 (2 x s, 6H, 
quinazoline 2-CH 3 and quinazoline 7-CH 3 ), 3.22 (s, 1H, CeCH), 4.18 (m, 1H, glu D a-CH), 4.31 (m, 3H, CH 2 C=C 
and glu L a-CH), 4.71 (s, 2H, quinazoline S-CH^ 6.80 (d, J = 8.6 Hz, 2H, 3', 5'-ArH), 7.47 (s, 1H, quinazoline 
8-H 7.76 (d, J= 8.7 Hz, 3H, quinazoline 5-H and 2', 6'-ArH), 8.15 (d, J = 7.6 Hz, 1 H, glu D NH), 8.34 (d, J = 7.4 
Hz, 1H, glu L NH). 

Mass Sprctrum (positive ion FAB): m/e 642 (M+Na) + . 
Elemental Analysis: Found C, 53.00; H, 5.41; N, 8.65; F, 7.10%. 
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C3iH33N 6 O 9 'CF3COOH-0.5(C 2 H 5 )2O-1.3H 2 O requires: C f 52.94; H, 5.28; N, 8.82; F, 7.18%. 

Example 6 : N-p-[N-(3,4-dihydro-2-met^ 
zoyl-L-y-glutamyl-D-glutamic acid. 

The process described in Example 1(3) was repeated using E-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin- 
6-yimethyl)-N-(prop-2-ynyl)amino]-o-fluoroben20ic acid, trifiuoroacetate salt, m.p. > 300°C [0.479 g; prepared 
by an analogous procedure to that described in Example 1(2) using tert-butyl 2~N-(prop-2-ynyl)amino-o-fluo- 
robenzoate which is obtained by the reaction of tert-butyl £-amino-o-fluorobenzoate with propargyl bromide] 
as starting materia! in place of e-tN-(3,4-dihydro-2-methyl-4-oxoquinazolin-6-yl methyl )-N-(prop- 2- 
ynyl)amino]benzoic acid, trifiuoroacetate salt. There was thus obtained tri-tert-butyl-N-2-[N-(3,4-dihydro-2-me- 
thyl-4-oxo- quinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]o-fluorobenzoyl-L-y-glutamyl-D-glutamate (contain- 
ing 0.5 equivalents of water; 0.650 g), m.p. 105-108°C. 

NMR Spectrum (CD 3 SOC0 3 ): 1.37, 1.40,(2 x s, 27H, 3 x C(CH 3 ) 3 ), 1.70, 1.88 (2 x m, 4H, 2 x p-CHJ, 2.22 (m, 
4H, 2 x y-CH 2 ), 2.32 (s, 3H, quinazoline 2-CH 3 ), 3.26 (s, 1H, CsCH), 4.1 1 (m, 1H, glu D a-CH), 4.25 (m, 1H, glu L 
a-CH), 4.36 (s, 2H, CH 2 feC), 4.79 (s, 2H, quinazoline 6.65 (m,2H, 3\5'-ArH), 7.52 (t, J = 9.0 Hz, 2H, 

quinazoline 8-H and 6'-ArH), 7.68 (d, J= 8.4 Hz, 1H, quinazoline 7-H), 7.95 (m, 2H, quinazoline 5-H and glu L 
NH), 8.14 (d, J = 7.6 Hz, 1H, glu D NH), 12.20 (s, 1H, lactam NH). 
Mass Spectrum (positive ion FAB): m/e 814 (M+Na) + . 
Elemental Analysis: Found C, 63.09; H, 6.93; N, 8.58; F f 2.32%. 
C 42 H54N6O 9 F.0.5H 2 O requires: C, 62.98; H, 6.93; N, 8.74; F, 2.37%. 

Tri-^-butyl-N-p^JN-fS^ihydro^ 
zoyl-L-y-glutamyl-D-glutamate (0.247 g) was treated with trifluoroacetic acid as described in Example 1(3). 
There was thus obtained N-pj-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin-^^ 

fluorobenzoyl-L-y-glutamyl-D-glutamic acid (containing 1.5 equivalents of trifluoroacetic acid, 0.6 equivalents 
of diethyl ether and 0.5 equivalents of water; 0.170 g), m.p. 115°C(decomp). 

NMR Spectrum (CD 3 SOCD 3 ): 1 .74, 1 .91 (2xm, 4H, 2 x P-CH 2 ), 2.22 (m, 4H, 2 xy-CHz), 2.45 (s, 3H, quinazoline 
2-CH 3 ), 3.27(s, 1H, C-CH), 4.16 (m, 1H, glu D a-CH), 4.38 (m, 3H, CH 2 C=C and glu L a-CH), 4.84 (s, 2H, qui- 
nazoline 6-CH 2 ), 6.66 (m, 2H, 3\5'-ArH) 7.57 (m, 2H, quinazoline 8-H and 6'-ArH), 7.79 (d, J = 8.6 Hz, 1H, 
quinazoline 7-H), 8.01 (m, 2H, quinazoline 5-H and glu L NH), 8.15 (d, J = 7.6 Hz, 1H, glu D NH). 
Mass Spectrum (positive ion FAB): m/e 646 (M+Na)*. 
Elemental Analysis: Found C, 50.06; H, 4.73; N, 8.04; F, 12.02%. 

CsoHaoNsOgF I.SCFaCOOH-O.etCzHfihO'O.SHzO requires: C, 50.13; H, 4.58; N, 8.25; F, 12.32%. 

Example 7 : N-p-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-yn 
zoyl-L-y-glutamyl-D-glutamic acid. 

The process described in Example 1(3) was repeated using £-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquina- 
zolin-6-ylmethyl)N-(prop-2-ynyt)amino]-o-fluorobenzoic acid, trifiuoroacetate salt [0.493 g; prepared by an ana- 
logous procedure to that described in Example 1 4 of UK Patent Application 2 244 708A but using 6-bromoethyf- 
3,4-dihydro-2,7-dimethylquinazoIin-4-one] as starting material in place of 2-[N-(3,4-dihydro-2-methyl-4-oxo- 
quinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid, trifiuoroacetate salt. There was thus obtained tri- 
tert-butyl-N-p-fhl(3,4^iriydro-2,7-dim^ 

L-y-glutamyl-D-glutamate (containing 0.5 equivalents of water; 0.660 g), m.p. 149.5-1 50.5°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.37, 1.40 (2 x s, 27H, 3 x C(CH 3 ) 3 ), 1.71, 1.88 (2 x m, 4H, 2 x p-CHz), 2.23 (m, 

4H,2 x y-CH 2 ), 2.30, 2.43 (2 x s, 6H, quinazoline 2-CH 3 and 7-CH 3 ), 3.25 (s, 1H, C=CH), 4.09 (m, 1H, glu D a- 

CH), 4.30 (m, 3H, CH 2 ChC and glu L a-CH), 4.69 (s, 2H, quinazoline 6-CH 2 ), 6.65 (m, 2H, 3\5'-ArH), 7.44 (s, 

1H, quinazoline 8-H), 7.54 (t, J = 8.6 Hz. 1H, 6'-ArH), 7.69 (s, 1H, quinazoline 5-H), 8.01 (t, J = 6.5 Hz, 1H, 

glu L NH), 8.14 (d, J = 7.5 Hz, 1H, glu D NH), 12.10 (s, 1H, lactam NH). 

Mass Spectrum (positive ion FAB): m/e 828 (M+Na) + . 

Elemental Analysis: Found C, 63.37; H, 6.93; N, 8.59; F, 2.51%. 

C43H5eN 6 O 9 F-0.5H 2 O requires: C, 63.38; H, 7.00; N, 8.59; F, 2.33%. 

Tri-tert-butyl-N-p-[N-(3,4-dihydi^2J-dimethyl-4-o^ 
robenzoyl-L-y-glutamyl-D-glutamate (0.243 g) was treated with trifluoroacetic acid as described in Example 
1(3). There was thus obtained N-p^[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazoiin-6-ylmethyl)-N-(prop-2- 
ynyl)amino]-o-fluorobenzoyl-L-y-glutamyl-D-glutamic acid (containing 1 equivalent of trifluoroacetic acid, 0.5 
equivalents of diethyl ether and 0.6 equivalents of water, 0.220 g), m.p. 155°C (decomp). 
NMR Spectrum (CD 3 SOCD 3 ): 1 .73, 1 .91 (2 x m, 4H, 2 x p-CH 2 ), 2.04 (m, 4H , 2 x y-CHJ, 2.41 , 2.47 (2 x s, 6H, 
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quinazoline 2-CH 3 and 7-CH 3 ), 3.26 (s, 1H, CsCH), 4.16 (m, 1H, glu D a-CH), 4.33 (s, 3H, CH 2 ChC and glu L a- 
CH), 4.73 (s, 2H, quinazoline 6-CH2), 6.62 (m, 2H, 3',5'-ArH), 7.47 (s, 1 H t quinazoline 8-H), 7.57 (t, J = 8.7 Hz, 
1H, 6'-ArH), 7.71 (s, 1H, quinazoline 5-H), 8.00 (t, J = 6.4 Hz, 2H, glu L NH), 8.15 (d, J = 8.2 Hz, 1H, glu D NH) 
Mass Spectrum (positive ion FAB): m/e 660 (M+Na) + . 
5 Elemental Analysis: Found C, 52.62; H, 5.09; N, 8.74; F, 9.14%. 

C3iH32N5O 9 F.CF3COOH-a5(C2H5)2O 0.6H2O requires: C, 52.58; H, 4.94; N, 8.76; F, 9.14%. 

Example 8 : N-p-[N-(3 f 4-dihydro-2-methyl-4-^ 
glutamic acid. 

10 

The process described in Example 1(3) was repeated using 2-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin- 
6-ylmethyl)-N-ethylamino]benzoic acid, trifluoroacetate salt [0.466 g; the preparation of which is described in 
Example 2 of UK Patent Application 2 227 016A] as starting material in place of N-pj-[N-(3,4-dihydro-2-methyl- 
4-oxoquinazolin-6-ylmethyl)N-(prop-2-ynyl)amino]benzoic acid, trifluoroacetate salt There was thus obtained 
15 tri-tej1-butyl-N-p^[N^ 

-glutamate (containing 0.5 equivalents of water; 0.394 g), m.p. 1 10.5-1 13. 5°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.16, (t, J = 6.8 Hz, 3H, N10-CH 2 CH 3 ), 1.37, 1.3g (2 x s, 27H, 3 x C(CH 3 ) 3 ), 1 .72, 
1.89 (2 x m, 4H, 2 x p-CHj), 2.23, (m, 4H, 2 x y-CH 2 ), 2.32 (s, 3H, quinazoline 2-CHa), 3.57 (q, J= 6.8 Hz, 2H, 
N10-CH 2 CH 3 ), 4.H (m, 1H, glu D a-CH), 4.26 (m, 1H, glu L a-CH), 4.73 (s, 2H, quinazoline 6-CH2), 6.70 (d, J = 

20 8.8 Hz, 2H t 3\5'-ArH), 7.54 (d, J = 8.4 Hz, 1H, quinazoline 8-H), 7.63 (d, J = 8.4 Hz, 1H, quinazoline 7-H), 7.70 
(d, J = 8.7 Hz, 2H, 2\6'-ArH), 7.88 (s, 1H, quinazoline 5-H), 8.10 (d, J = 7.5 Hz, 1H, glu D NH), 8.18 (d, J = 7.3 
Hz, 1H, glu L NH), 12.14 (s, 1H, lactam NH). 
Mass Spectrum (positive ion FAB): m/e 763 (M+Na) + . 
Elemental Analysis: Found C, 63.92; H, 7.55; N, 8.74%. 

25 C 4 iH57N 5 O9'0.5H 2 O requires: C, 63.71; H, 7.56; N, 9.06%. 
Tri-^-butyl-N-2-[N-(3,4-dihydro-2-methyl-^ 
D-glutamate (0.210 g) was treated with trifluoroacetic acid as described in Example 1(3). There was thus ob- 
tained N-p^[N-(3,4-dihydro-2-methyl-4-ox^ 

tamic acid (containing 0.95 equivalents of trifluoroacetic acid, 0.15 equivalents of diethyl ether and 1.3 equiv- 

30 alents of water; 0.165 g), m.p. 140°C (decomp). 

NMR Spectrum (CD 3 SOCD 3 ): 1.17 (t, J = 6.2 Hz, 3H, N10-CH 2 CH 3 ), 1.75, 1.95 (2 x m, 4H, 2 x p-CH 2 ), 2.25 
(m, 4H, 2 x y-CHJ, 2.39 (s, 3H, quinazoline 2-CH 3 ), 3.58 (q, J = 6.9 Hz, 2H, N10-CH 2 CH 3 ), 4.19 (m, 1H, glu D 
a-CH), 4.33 (m, 1H, glu L a-CH), 4.75 (s, 2H, quinazoline 6-CH2), 6.71 (d, J = 8.9 Hz, 2H, 3',5.-ArH), 7.58 (d, 
J = 8.4 Hz, 1H, quinazoline 8-H), 7.70 (m, 3H, quinazoline 7-H and 2\6 , -ArH), 7.90 (s, level, quinazoline 5-H), 

35 8.09 (d, J = 7.8 Hz, 1H, glu D NH), 8.18 (d, J = 7.5 Hz, 1H, glu L NH) 
Mass Spectrum (positive ion FAB): m/e 596 (M+Na) + . 
Elemental Analysis: Found C, 51.34; H, 5.03; N, 9.39; F, 7.12%. 

CzgHaNsOg O.gSCFaCOOH O.IS^Hs^O-I.SHaO requires: C, 51.23; H, 5.19; N, 9.48; F, 7.33%. 

40 Example 9: N-p-[N-(3,4-Dihydro-2-methyl-4-oxoquinazolin-6-ylmethyl)-N-methyfamino]benzoyl 
D-g!utamic acid. 

The process described in Example 1(3) was repeated using £-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin- 
6-yl methyl)- N-methylam in 0] benzoic acid, trifluoroacetate salt [0.466 g; the preparation of which is described 
45 in Example 8 of UK Patent Application 2 227 01 6A] as starting material in place of pj-[N-(3,4-dihydro-2-methyl- 
4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)-amino]benzoic acid, trifluoroacetate salt There was thus ob- 
tained tri-tert-butyl-N-p-[N-(3,4-dihydro-2-methyl-4-oxo 
glutamyl-D-glutamate (0.480 g), m.p. 104,5-1 08.5°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.45, 1.47 (2 x s, 27H, 3 x C(CH 3 ) 3 ), 1.72, 1.91 (2 x m, 4H, 2 x p-CHJ, 2.23 (m, 
50 4H, 2 xy-CHJ, 2.32 (s, 3H, quinazoline 2-CH 3 ), 3.12 (s, 1H, ChCH), 3.16 (s, 3H, N10-CH 3 ), 4.12 (m, 1H, glu D 

a-CH), 4.27 (m, 1H, glu L a-CH), 4.77 (s, 2H, quinazoline B-CH^ 6.75 (d, J = 8.9 Hz, 2H, 3',5'-ArH), 7.53 (d, J 

= 8.4 Hz, 1H, quinazoline 8-H), 7.61 (dd, J, = 8.3 Hz, J 2 = 1.9 Hz, 1H, quinazoline 7-H), 7.72 (d, J = 8.7 Hz, 

2H, 2',6'-ArH), 7.86 (s, 1H, quinazoline 5-H), 8.09 (d, J = 7.5 Hz, 1H, glu D NH), 8.19 (d, J= 7.3 Hz, 1H, glu L 

NH), 12.12 (s, 1H, lactam NH). 
55 Mass Spectrum (positive ion FAB): m/e 750 (M+H) + . 

Elemental Analysis: Found C, 63.88; H, 7.50; N, 9.10%. 

C^HssNfiOg requires: C, 64.07; H, 7.39; N, 9.34%. 
Tri-tert-butyl-N-p_-[N-(3,4-dihy 
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myl-D-giutamate (0.210 g) was treated with trifluoroacetic acid as described in Example 1(3). There was thus 
obtained N-£-[N-(3,4-dihydro-2-methyl-4-ox^ 

glutamic acid (containing 1.5 equivalents of trifluoroacetic acid, 0.55 equivalents of diethyl ether and 1.1 equiv- 
alents of water; 0.160 g), m.p. 105°C (decomp). 

5 NMR Spectrum (CD3SOCO3): 1.75, 1.95(2xm,4H t 2xp-CH 2 ),2.25(m ( 4H,2xy-CH 2 ),2.41 (s, 3H, quinazoline 
2-CH3), 3.12 (s, 3H, NIO-CH3), 4.19 (m, 1H t glu D a-CH), 4.33 (m, 1H, glu L a-CH), 4.80 (s, 2H, quinazoline 6- 
CHj), 6.76 (d, J = 9.0 Hz, 2H t 3',5'-ArH), 7.57 (d, J= 8.4 Hz, 1H, quinazoline 8-H), 7.67 (dd, = 8.4 Hz, J 2 = 
1 .9 Hz, 1 H, quinazoline 7-H), 7.73 (d, J = 8.8 Hz, 2H, 2',6'-ArH), 7.89 (d, J = 1 .5 Hz, 1 H, quinazoline H-5), 8.09 
(d, J = 7.7 Hz, 1H, glu D NH), 8.20 (d, J = 7.5 Hz, 1H, glu L NH). 

10 Mass Spectrum (positive ion FAB): m/e 582 (M+H) + . 

Elemental Analysis: Found C, 49.27; H, 5.10; N, 8.41; F, 10.24%. 

C 2 8H3iN5O 9 -1.5CF 3 COOH.0.55(C 2 H5)2O-1.1H 2 O requires: C, 49.04; H, 4.92; N, 8.61; F, 10.51%. 

Example 10: N-p-[N-(3,4-dihydro-2-methyU 
15 glutamyl-D-glutamic acid. 

(1 ) Tri-tert-butyl-D-Y-glutamyl-D-glutamate 

The process described in Example 1(1) was repeated using a-tert- butyl- N- be nzyloxycarbonyl-D-glutamate 

[2.022 g; prepared according to the procedure for a-tert- butyl-N- be nzyloxycarbonyl-L-glutamate (Org. Prep. 
20 Proc. Int., 1 985, 17, 416)] as starting material in place of a-tert-butyl-N-benzyloxycarbonyl-L-glutamate. There 

was thus obtained tri-tert-butyl-N-rN-(benzvloxvcarbonyl)D-v-qlutamvn-D-alutamate (1.50 g), m.p. 84-86°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.38 (s, 27H f 3 x C(CH 3 ) 3 ), 1.72, 1.89 (2 x m, 4H, 2 x p-CH 2 ), 2.26 (m, 4H, 2 x 

y-CHz), 3.89 (m, 1H, ZNHCH), 4.10 (m, 1H, CH 2 CONHCH), 5.03 (m, 2H, ArCH 2 ), 7.35 (m, 5H, Ar), 7.64 (d, J 

= 7.7 Hz, 1H, ZNHCH), 8.12 (d, J = 7.4 Hz, 1H, CH 2 CONHCH). 
25 Mass Spectrum (positive ion FAB): m/e 579 (M+H) + . 

Elemental Analysis: Found C, 62.21; H, 7.98; N, 4.80%. 

C3oH4eN 2 0 9 requires: C, 62.27; H, 8.01; N, 4.84%. 

A solution of tri-tert-butyl-N-rN-(benzvloxvcarbonvl)-D-Y-qlutamvn-P-qlutamate (0.718 g) in ethyl acetate 

(90 ml) containing 1 0% Pd/C (0.1 g) was stirred under hydrogen for 2 hours. The catalyst was removed by fil- 
30 tration and the filtrate concentrated in vacuo, yielding tri-tert- butyl - D-y-g I u tamyl -D-gl utamate (0.460 g) 

(2) N-2~IN-(3,4-Dihydro-2-methyl-4-oxoquinazolin-^^^ 
glutamic acid. 

The process described in Example 1(3) was repeated using trhtert-butyl-D-y-glutamyl- D-gl utamate (0.444 
g) as starting material in place of tri-tert-butyl-L-y-glutamyl-D-glutamate. There was thus obtained tri-tert- buty!- 
35 N-p_-[N-(3,4-dihydrch2-methyl-4-ox 
mate, (0.400 g), m.p. 110-116°C. 

NMR Spectrum (CD3SOCD3): 1.37, 1.39 (2 x s, 27H, 3 x C(CH 3 ) 3 ). 1.71, 1.89 (2 x m, 4H, 2 x p-CH 2 ), 2.24 (m, 

4H, 2 x v-CHa), 2.33 (s, 3H, quinazoline 2-CH 3 ), 3,23 (s, 1H, CsCH), 4.10 (m, 1 H, CH 2 CONHCH), 4.24 (m, 1H, 

-C 6 H 4 -CONHCH), 4.34 (s, 2H, CH 2 CsC), 4.78 (s, 2H, quinazoline 6-CH 2 ), 6.83 (d, J = 8.7 Hz, 2H, 3\5'-ArH), 
40 7.54 (d, J = 8.4 Hz, 1H, quinazoline 8-H) f 7.72 (m, 3H, quinazoline 7-H and 2',6'-ArH), 7.96 (s, 1H, quinazoline 

5-H), 8.13 (d, J = 7.5 Hz, 1H, CH 2 CONHCH), 8.32 (d, J = 7.4 Hz, 1 H, -C 6 H 4 -CONH), 12.19 (s, 1H, lactam NH). 

Mass Spectrum (positive ion FAB): m/e 773 (M + ). 

Elemental Analysis: Found C, 64.90; H, 7.27; N, 8.90%. 

C 42 H55N 6 0 9 requires: C, 65.18; H, 7.16; N, 9.05%. 
45 Tri-tert-buWl-N-p-rN-(3,4^dihvdro-2-methvl-4-oxoquinazolin-6-vlmethvlVN-(DroD-2-ynvl)amino]benzoyl-D 

-y-glutamyl-D-glutamate (0.208 g) was treated with trifluoroacetic acid as described in Example 1(3). There was 

thus obtained N-pj-[N-(3,4-dihydro-2-methy!4-oxoquina^^ 

glutamyl-D-glutamic acid (containing 1.15 equivalents of trifluoroacetic acid and 1 equivalent of water; 0.180 
g), m.p. 95°C (decomp). 

so NMR Spectrum (CD3SOCD3): 1 .72, 1 .74 (2 x m, 4H, 2 x p-CHJ, 2.23 (m, 4H, 2 x y-CHz), 2.42 (s, 3H, quinazoline 
2-CH3), 3.24 (s, 1H, CsiCH), 4.18 (m, 1H, CH 2 CONHCH), 4.36 (m, 3H, -C 6 H 4 -CONHCH and CH 2 ChC), 4.81 
(s, 2H, quinazoline e-CHJ, 6.83 (d, J = 8.8 Hz, 2H, 3',5'-ArH), 7.60 (d t J = 8.4 Hz, 1H, quinazoline 8-H), 7.77 
(m, 3H. quinazoline 7-H and 2\6'-ArH), 8.00 (s, 1H, quinazoline 5-H), 8.13 (d, J = 7.7 Hz, 1H, CH 2 CONHCH), 
8.33 (d, J = 7.5 Hz, 1H, -C 6 H 4 -CONH). 

55 Mass Spectrum (positive ion FAB): m/e 606 (M+H)\ 

Elemental Analysis: Found C, 51.37; H, 4.52; N, 9.07; F, 8.64%. 
C M H 31 N 5 0 9 .1.15CF 3 COOH-1H 2 0 requires: C, 51.40; H, 4.56; N, 9.28; F, 8.68%. 
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Example 11 : N-p-[N-(3,4-Dihydrch2J-dime^ 
tamyl-D-glutamic acid 

(1 ) p-[N-(3,4-Dihydro-2 J-dimethyl-4-oxoquinazolin-6-ylmethyl)N-methylamino]benzoic acid 

5 £-[N-(3,4-Dihydro-27<iime%^ 

acid (4.8 g) was prepared as described in Example 22 of UK Patent Application 2 244 708A. 

A mixture of the product, ethanol (60 ml), water (50 ml) and 1N sodium hydroxide (30 ml) was stirred at 
room temperature for 1.5 hours, then acidified to pH 4 with 1N hydrochloric acid. The solid was collected by 
filtration and dried in vacuo over phosphorus pentoxide to yield |^[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazo- 

10 lin-6-ylmethyl)-N-methylamino]benzoic acid. 

A mixture of the product and trifluoroacetic acid (30 ml) was stirred at room temperature for 15 minutes 
and then evaporated. The residue was triturated with diethyl ether (60 ml) and the brown solid filtered off and 
dried in vacuo , yielding the ^-aminobenzoic acid as its trifluoroacetate salt (2.9 g), m.p. > 270°C. (2) N-£-[N- 
(3,4-Dihydro-2,7-dimethy1-4-oxoquinazolin-6-ylmethy^ acid 

15 The process described in Example 1(3) was repeated using 2-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquina- 
zolin-6-ylmethyl)N-methylamino]benzoic acid, trifluoroacetate salt (0.580 g) as starting material in place of g- 
[N-(3,4-dihydro-2-memyl-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid, trifluoroacetate 
salt. There was thus obtained tri-tert-butyl-N-p-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolin--6-ylmethyl)N- 
methylamino]benzoyl-L-y-glutamyl-D-glutamate (containing 0.6 equivalents of water, 0.288 g), m.p. 243.5- 

20 245°C. 

NMR Spectrum (CD 3 SOCD 3 ); 1.37, 1.40 (2 x s, 27H, 3 x c (CH 3 ) 3 ), 1.83-2.03 (m, 4H, 2 x $-CH 2 ), 2.23 (t, J = 

6.8 Hz, 4H, 2 x y-CH 2 ), 2.30 (s, 3H, quinazoline 2-CH 3 ), 2.43 (s, 3H, quinazoline 7-CH 3 ), 3.13 (s, 3H, N10-CH 3 ), 

4.09 (m, 1H, glu D a-CH), 4.24 (m, 1H, glu L a-CH), 4.70 (s, 2H, quinazoline 6.70 (d, J = 8.5 Hz, 2H, 
3',5'-ArH), 7.44, 7.52 (2 x s, 2H, quinazoline 5-H and quinazoline 8-H), 7.73 (d, J = 8.3 Hz, 2H, 2\6'-ArH), 8.17 

25 (d, J = 7.5 Hz, 1H, glu D NH), 8.28 (d, J = 7.2 Hz, 1H, glu L NH), 12.10 (s, 1H, lactam NH). 

Mass Spectrum: (ESI) m/e 764 (M+H) + . 

Elemental Analysis: Found C, 63.58; H, 7.51; N, 8.97%. 

C 4 iH57N 5 O 9 .0.6H2O requires C, 63.56; H, 7.57; N, 9.04%. 

Tri-tert-butyl-N-£-[N-(3,4-dihydro-2, 1-dimethyl-4-oxoquinazolin-6-ylmethyl)-N-methylamino]benzoyl-L-y- 
30 glutamyl-D-glutamate (0.219 g) was treated with trifluoroacetic acid as described in Example 1(3). There was 

thus obtained N-£-[N-(3,4-dihydro-2,7Kiimethyl-4-oxoqu 

tamyl-D-glutamic acid (containing 1.1 equivalents of CF 3 C0 2 H, 1 equivalent of H 2 0 and 0.2 equivalents of Et 2 0; 
0.19 g), m.p. > 150°C (decomposition). 

NMR Spectrum (CD 3 SOCD 3 ): 1.70-2.09 (m, 4H, 2 x p-CHJ, 2.25 (m, 4H, 2 x y-CH 2 ), 2.42, 2.48 (2 x s, 6H, qui- 
35 nazoline 2-CH 3 and quinazoline 7-CH 3 ), 3.14 (s, 3H, N10-CH 3 ), 4.17 (m, 1H, glu D a-CH), 4.31 (m, 1H, glu L a- 
CH), 4.73 (s, 2H, quinazoline B-CH^ t 6.71 (d, J = 8.9 Hz, 2H, 3',5'-ArH) 7.48, 7.52 (2 x s, 2H, quinazoline 5- 
H and quinazoline 8-H), 7.74 (d, J = 8.9 Hz, 2H, 2',6'-ArH), 8.17 (d, J = 7.7 Hz, 1H, glu D NH), 8.29 (d, J = 7.5 
Hz, 1H, glu L NH). 

Mass Spectrum: (ESI) m/e 596 (M+H) + . 
40 Elemental Analysis: Found C, 50.98; H, 5.05; N, 9.12; F, 8.18%. 

C 29 H 33 N 5 0 9 .1-1CF 3 C0 2 H.H 2 0.0.2Et 2 0 requires C, 50.98; H, 5.09; N, 9.29; F, 8.32%. 

Example 12 : N-p-[N-(3,4-Dihydro-2-methyl-4^ 
y-glutamyl-D-glutamic acid 

45 

(1 ) p-[N-(3,4-Dihydrc-2-methy!-4-oxoquinazon acid 

A mixture of 6-bromomethyl-3,4-dihydro-2-methyl-3-pivaloyloxymethylquinazolin-4-one [9.2 g; prepared 
as described in Example 1 of UK Patent 2 1 88 31 9B], tert-butyl £-amino-o-fluorobenzoate [5.8 g; the preparation 
of which is described in Example 3 of UK Patent Application 2 227 01 6A], 2,6-lutidine (2.94 g) and dimethyla- 

so cetamide (30 ml) was stirred at 95°C for 10 hours. The dimethylacetamide was then removed in vacuo and the 
residue partitioned between ethyl acetate and water. The water layer was washed with ethyl acetate, and the 
combined organic phases washed with water and dried over magnesium sulphate. The ethyl acetate was re- 
moved in vacuo and the yellow oil purified by chromatography on a silica gel column using a gradient of ethyl 
acetate in hexane as eluants. There was thus obtained tert-butyl £-[N-(3,4-dihydro-2-methyl-4-oxo-3-pivaloy- 

55 loxymethylquinazolin-6-ylmethyl)amino]o-fluorobenzoate (10.3 g), m.p. 149-150°C. 

To a solution of the product (1 0.3 g) in glacial acetic acid (1 50 ml) was added 37% aqueous formaldehyde 
(17 ml). After stirring at laboratory temperature for 10 minutes, sodium cyanoborohydride (2.83 g) was added 
in one portion and the mixture was stirred for a further 1 .25 hours. The acetic acid was then removed in vacuo 
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and the residue partitioned between ethyl acetate and water. The ethyl acetate was washed with saturated so- 
dium bicarbonate, water and then dried. The solvent was removed in vacuo and the residue purified by chro- 
matography on a silica gel column using 30% ethyl acetate in dichloromethane as eluant to yield tert-butyl ^ 
[N-(3,4-dihydro-2-methyl-4-oxo-3-prvalov^^ 

5 A mixture of the product (6.6 g) and trifluoroacetic acid (35 ml) was stirred at laboratory temperature for 1 

hour and then evaporated in vacuo . The residue was treated with diethyl ether (50 ml) and the white solid filtered 
off and dried in vacuo to yield £-[N-(3 t 4-dihydro-2-methy1-4-oxo-3-pivaloyloxymethyl quinazolin-6-ylmethyl)-N- 
methylamino]-o-fluorobenzoic acid. 

A mixture of the product (4.3 g), ethanol (200 ml), water (60 ml) and 1 N sodium hydroxide (34 ml) was stirred 

10 at laboratory temperature for 34 hours, then acidified to pH 4 with 2N hydrochloric acid. The solid was collected 
by filtration and dried in vacuo over phosphorus pentoxide to yield £-[N-(3 T 4-dihydro-2-methyl-4-oxoquinazolin- 
6-ylmethyl)-N-methylamino]-o-fluorobenzoic acid. 

A mixture of the product (1 g) and trifluoroacetic acid (40 ml) was stirred at laboratory temperature for 10 
minutes and then evaporated. The residue was triturated with diethyl ether (50 ml) and the pale yellow solid 

15 filtered off and dried in vacuo to yield the g-amino-o-fluorobenzoic acid as its trifluoroacetate salt, m.p. 297- 
298°C. 

(2) N-£-[N-(3,4-Dihydro-2-methyl-4-oxoquinazolin-6-ylmethyl)N-methylamino]-p^fl 
D-glutamic acid 

The process described in Example 1(3) was repeated using £-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin- 
20 6-ylmethyl)-N-methyl am in o]-o-fluoro benzoic acid, trifluoroacetate salt (0.455 g), as starting material in place 
of pj-[N-(3,4-dihydro-2-methyM-oxo acid, trifluoroace- 

tate salt. There was thus obtained tri-tert-butylN-p~rN-(3 ( 4-dihvdro-2-methv1-4-oxoquinazolin-6-vlmethvn-N- 
methylamino]-o-fluorobenzoyl-L-y-glutamyl-D-glutamate (0.564 g), m.p. 100-102°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.38, 1.41 (2 x s, 27H, C(CH 3 ) 3 ), 1.72, 1.89, 2.00 (3 x m, 4H, p-CH 2 ), 2.22 (t, J 
25 = 6.7 Hz, 4H, y-CHj), 2.33 (s, 3H, quinazoline 2-CH 3 ), 3.12 (s, 3H, N10-CH 3 ), 4.10 (m, 1H, glu D a-CH), 4.29 
(m, 1H, glu L a-CH), 4.78 (s, 2H, quinazoline 6-CH 2 ), 6.55 (dd, J = 15.4, 2.1 Hz, 1H, 3'-ArH), 6.63 (dd, J = 8.9, 
2.2 Hz, 1H, 5'-ArH), 7.57 (m, 3H, 6'-ArH and quinazoline 7-H and 8-H), 7.80 (t, J = 6.9 Hz, 1H, glu L NH), 7.86 
. (s, 1H, quinazoline 5-H), 8.08 (d, J - 7.6 Hz, 1H, glu D NH), 12.14 (s, lactam NH). 
Mass Spectrum (ESI): 768 (M+H) + . 
30 Elemental Analysis: Found C, 62.70; H, 7.32; N, 8.87; F, 2.44%. 
C4oH54FN 5 0 9 requires C, 62.57; H, 7.09; N, 9.12; F, 2.47%. 

Tri-tert-butyl-N-p-fN-(3.4-dihydrc-2-meth^ 
L-y-glutamyl-D-glutamate (0.212 g), was treated with trifluoroacetic acid as described in Example 1(3). There 
was thus obtained N-p^tN-^-dihydro^-methyM-oxo 
35 zoylL-y-glutamyl-D-glutamate (containing 1.3 equivalents of CF 3 C0 2 H, 0.75 equivalents of H 2 0 and 1 equiva- 
lent of Et 2 0; 0.218g), m.p. 145-147°C. 

NMR Spectrum (CD 3 SOCD 3 ); 1 .75, 1 .92, 2.04 (3 x m, 4H, p-CHi), 2.23 (m, 4H, y-CHJ, 2.38 (s, 3H, quinazoline 
2-CH 3 ), 3.12 (s, 3H, N10-CH 3 ), 4.17 (m, 1H, glu D a-CH), 4.37 (m, 1H, glu L a-CH), 4.80 (s, 2H, quinazoline 6- 
CHJ, 6.56 (dd, J = 15.4, 2.1 Hz, 1H, 3'-ArH), 6.63 (dd, J = 8.9, 2.2 Hz, 1H, 5'-ArH), 7.57 (m, 2H, 6'-ArH plus 
40 quinazoline 8-H), 7.64 (dd, J = 8.5, 1 .8 Hz, 1H, quinazoline 7-H), 7.78 (t, J = 6.9 Hz, 1H, glu L NH), 7.87 (d, 1H, 
quinazoline 5-H), 8.08 (d, J = 7.8 Hz, 1H, glu D NH), 12.40 (bd, C0 2 H) 
Mass Spectrum (ESI): 600 (M+H) + . 

Elemental Analysis: Found C, 49.77; H, 5.25; N, 8.10; F, 10.95%. 
C 2fi H 30 N 6 O 9 F.1-3CF 3 CO 2 H.0.75H 2 O.Et 2 O requires C, 49.74; H, 5.16; N, 8.39; F, 1 1.14%. 

45 

Example 13 : N-p-[N-(3,4-Dihydro-2,7-dimethyl-4-ox^ 
L-y-glutamyl-D-glutamic acid 

The process described in Example 1(3) was repeated using £-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquina- 
so zolin-6-ylmethyl)-N-methylamino]-o-fluorobenzoic acid, trifluoroacetate salt, m.p. 312-314°C (decomposition) 
[0.469 g; prepared by an analogous procedure to that described in Example 1 2(1 ) starting from 6-bromomethyl- 
3,4-dihydro-2,7-dimethyl-3-pivaloyloxymethylquinazolin-4-one, the preparation of which is described in Exam- 
ple 13 of UK Patent Application 2 244 708A] as starting material in place of 2-tN-(3,4-dihydro-2-methyl-4-ox- 
oquinazolin-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoic acid, trifluoroacetate salt. There was thus obtained tri- 
55 tert-butyl-N-r>[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolin-6-ylmethyl)-N-methylamino 
glutamyl-D-glutamate (0.572 g), m.p. 172-1 73°C. 

NMR Spectrum (CD 3 SOCD 3 ): 1.37, 1.40 (2 x s, 27H, C(CH 3 ) 3 ), 1.71, 1.89, 1.99 (3 x m, 4H, p-CH 2 ), 2.23 (m, 
4H, y-CHJ, 2.31 (s, 3H, quinazoline 2-CH 3 ), 2.43 (s, 3H, quinazoline 7-CH 3 ), 3.12 (s, 3H, N10-CH 3 ), 4.08 (m, 
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1H, glu D a-CH), 4.27 (m, 1H, glu L a-CH), 4.70 (s, 2H, quinazoline 6-CH 2 ), 6.53 (d t J = 14.2 Hz, 1H, 3'-ArH), 
6.57 (d, J = 7.9 Hz, 1H, 5'-ArH), 7.45, 7.48 (2 x s, each 1H f quinazoline 8-H and 5-H), 7.54 (t, J = 8.9 Hz, 1H, 
6'-ArH), 7.90 (d, J = 6.4Hz, 1H, glu L NH), 8.16 (d, J = 7.6 Hz, 1H, glu D NH), 12.12 (s, 1H, lactam NH). 
Mass Spectrum (ESI): 782 (M+H) + . 

5 Elemental Analysis: Found C, 62.68; H, 7.25; N, 8.97; F, 2.42%. 
C 4 iH5eFN 5 0 9 requires C, 62.98; H, 7.22; N, 8.96; F, 2.43%. 

Tri-tert-butyl-N-p-fj^(3 t 4-dihvdro-2,7-d^ 
L-y-glutamyl-D-glutamate (0.20 g), was treated with trifluoroacetic acid as described in Example 1(3). There 
was thus obtained N-p_-[N-(3,4-dihydro-2,7-dimethyM-oxoquinazolin-6-ylmethyl)-N-methylamino]-o-fluoro- 

w benzoyl-L-y-glutamyl-D-glutamate (containing 1 equivalent of trifluoroacetic acid and 1 equivalent of water; 
0.175g), m.p. 159-161°C. 

NMR Spectrum (CD 3 SOCD 3 ); 1 .75, 1 .92, 2.04 (3 x m, 4H, p-CHa), 2.24 (m, 4H, y-CH 2 ), 2.38 (s, 3H, quinazoline 
2-CH 3 ), 2.45 (s, 3H, quinazoline 7-CH 3 ), 3.12 (s, 3H, N10-CH 3 ), 4.17 (m, 1H, glu D a-CH), 4.37 (m, 1H, glu L a- 
CH), 4.72 (s, 2H, quinazoline 6-CH 2 ), 6.53 (d, J = 15.1 Hz, 1H t 3'-ArH), 6.58 (d, J = 10.2 Hz, 1H, 5'-ArH), 7.46 
15 (s, 1H, quinazoline 8-H), 7.52 (s, 1H, quinazoline 5-H), 7.58 (t, J = 6.9 Hz, 1H, 6'-ArH), 7.80 (t, J = 6.9 Hz, 1H f 
glu L NH), 8.10 (d, J = 7.7 (Hz, 1H, glu D NH), 12.42 (bd, C0 2 H). 
Mass Spectrum (ESI): 614 (M+H) + . 

Elemental Analysis: Found C, 50.14; H, 4.72; N, 9.21; F, 10.24%. 
C29H32FN5O9.CF3COOH.H2O requires C, 49.93; H, 4.73; N, 9.40; F, 10.19%. 

20 

Example 14: Tests of Biological Activity 

The compounds of Examples 1 and 10, the L-y-glutamyl-D-glutamic acid and D-y-glutamyl-D-glutamic acid 
derivatives, respectively, of p / [N-(3,4-dihydro-2-methyt-4-oxoquinazolin-6-ylmethyl)-N-(prop-2-ynyl)ami- 

25 nojbenzoic acid and, for comparative purposes, the corresponding L-y-glutamyl-L-glutamic acid and D-y-glu- 
tamyl-L-glutamic acid derivatives were tested for their thymidylate synthase inhibitory properties and for their 
ability to inhibit growth of the L1210 in tests as indicated under (a) and (b) on page 19. 

The four compounds were also tested for in vivo stability to cleavage of the central amide linkage of the 
dipeptide. This test comprised injecting the compound intraperitoneally into male C57/DBA 2 (F^ hybrid) mice 

30 at a standard dosage rate of 100 mg/kg, sacrificing the animals after 1 hour, removing the plasma, liver and 
kidneys, homogenising these individually in nine times the volume of 0.1 M Tris HCI at pH 10, precipitating the 
protein and analysing the product in 0.05 M NaHC0 3 by hplc on a Sperisorb C-6 column eluting with acetoni- 
trile/sodium acetate of pH 5.0. UV measurements at 280 and 313 nm were used to detect the dipeptide and 
the breakdown product of cleavage at the central amide bond of the dipeptide, i.e. the L-glutamic acid derivative 

35 or D-glutamic acid derivative. Identification of the parent compound and any breakdown product was effected 
by Rt comparisons against standard samples of these compounds which have been subjected to the same treat- 
ment as the liver, kidney and plasma samples. 

The results obtained are shown in the Table, the identification of a compound which is "not cleaved" as 
compared with a compound which is "cleaved" being made on the basis of the amount of the dipeptide and its 

40 cleavage product found in the plasma and the liver. Thus, a typical experiment with the L-glu-D-glu compound 
showed, as a percentage of the total drug administered, 27±2% of the parent dipeptide present in the liver and 
no cleavage product, whilst a similar experiment with the L-glu-D-glu compound showed 1 .6±0.8% of the parent 
dipeptide and 40±13% of cleavage product. The remaining part of the parent dipeptide which was detected was 
found mostly in the plasma for both the L-glu-D-glu and L-glu-L-glu compounds accompanied by no cleavage 

45 product in the case of the former but by a significant amount of the cleavage product in the case of the latter. 
Similar tests on various other compounds of the Examples showed that in each case the compound was 
substantially uncleaved. 



so 



55 



23 



EP 0 509 643 A1 



Table 



Dipeptide 


TS 

IC 50 PM (I > 


L1210 
IC 50 wM 


Stability 


L-glu-D-glu 


0.0046 


0.18 


not cleaved 


0-glu-D-glu 


0.026 


1.3 


not cleaved 


L-glu-L-glu 


0.002 


0.1 


cleaved 


D-glu-L-glu 


0.036 


3.4 


cleaved 



The IC50 values may be converted to inverse relative potency 
I50 values by dividing the IC50 value obtained for the compound by 
the IC50 value obtained in the same experiment for the compound 
CB3717, this latter figure typically being 0.02 (Ki - 3nM). 



Claims 

1. A quinazoline of the formula (!):• 




wherein R 1 is hydrogen or amino; 

or R 1 is alkyt, alkoxy or alkylthio each of up to 6 carbon atoms; 
or R 1 is aryl or aryioxy, each of up to 10 carbon atoms; 
or R 1 is halogeno, hydroxy or mercapto; 

or R 1 is alkyl of up to 3 carbon atoms which bears one or more substituents selected from halogeno, hy- 
droxy and alkanoylamino each of up to 6 carbon atoms; 

or R 1 is alkoxy of up to 3 carbon atoms which bears one or more substituents selected from hydroxy and 
alkoxy of up to 6 carbon atoms; 

wherein R 2 is hydrogen or alkyl, alkenyl, alkynyl, hydroxyalkyl, alkoxyalkyl, mercaptoalkyl, alkylthtoalkyl, 
halogenoalkyl, cyanoalkyi, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, alkanoylalkyl, carboxyalkyl, 
carbamoylalkyl or alkanoyl each of up to 6 carbon atoms; 

wherein Ar is phenylene or heterocyclene which is unsubstituted or which bears one or more substituents 
selected from halogeno, cyano, nitro, hydroxy, amino and carbamoyl and alkyl, alkoxy, 
halogenoalkyl, alkanoylamino and alkoxycarbonyl each of up to 6 carbon atoms; 
R 3 is the residue of a dipeptide in which the first, N-terminal amino acid residue thereof attached to the 
carbonyl group of COR 3 is an L- or D-amino acid residue -NHCH(C0 2 H)-A-CO- in which A is an alkylene 
group of up to 6 carbon atoms and the second amino acid residue is of an a-amino acid which has the D- 
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configuration at its asymmetric a-carbon atom; 
wherein R 4 is hydrogen or alkyl of up to 4 carbon atoms; 
wherein R 6 is hydrogen or alkyl of up to 4 carbon atoms; and 

wherein each of R 6 , R 7 and R 8 is hydrogen or alkyl or alkoxy each of up to 4 carbon atoms; or is halogeno; 
the quinazoline optionally being in the form of a pharmaceutical! y-acceptable salt, ester or amide thereof. 

A quinazoline according to Claim 1, wherein R 1 is hydrogen, amino, methyl, ethyl, isopropyl, methoxy, 
ethoxy, methylthio, phenyl, tolyl, phenoxy, chloro, bromo, hydroxy, mercapto, fluoromethyl, difluoromethyl, 
trifiuoromethyl, chloromethyl, hydroxymethyl, acetamidomethyl, 2-hydroxyethoxy t 2-methoxyethoxy or 2- 
ethoxyethoxy; 

wherein R 2 is hydrogen, methyl, ethyl, propyl, prop-2-enyl, but-2-enyl, prop-2-ynyl, but-2-ynyi, 2-hydrox- 
yethyl, 3-hydroxypropyl, 2-methoxyethyl, 3-methoxypropyl, 2-mercaptoethyl, 2-methylthioethyl, 2-fluoro- 
ethyl, 2-chloroethyI, 2-bromoethyl, 3-fluoropropyl, cyanomethyl, 2-cyanoethyl, 2-aminoethyl, 2-methyla- 
minoethyl, 2-dimethylaminoethyl, acetonyl, carboxymethyi, carbamoylmethyl or acetyl; 
wherein Ar is 1,4-phenylene, thienylene, pyridylene, pyrimidinylene, thiazolylene or oxazolylene which is 
unsubstituted or which bears one or two substituents selected from fluoro, chloro, bromo, phenyl, cyano, 
nitro, hydroxy, amino, carbamoyl, methyl, ethyl, methoxy, ethoxy, fluoromethyl, difluoromethyl, trifiuoro- 
methyl or acetamido; 
wherein R 3 is a group of formula 

-NH-CH(C0 2 H)-A-CONHCH(Y)-C0 2 H in which A is as defined in Claim 1; 

Y is alkyl, alkenyl or alkynyl each of up to 6 carbon atoms; 

or Y is alkyl of up to 6 carbon atoms which bears one or more substituents selected from amino, 
carboxy, hydroxy and mercapto; 

or Y is phenyl or benzyl; 
wherein R 4 is hydrogen, methyl or ethyl; 
wherein R 5 is hydrogen, methyl or ethyl; and 

wherein each of R 6 , R 7 and R 8 is hydrogen, methyl, ethyl, methoxy, ethoxy, fluoro, chloro or bromo. 

A quinazoline according to Claim 1, wherein R 1 is hydrogen, amino, methyl, ethyl or methoxy; 

wherein R 2 is methyl, ethyl, prop-2-enyl, prop-2-ynyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-fluoroethyl or 

acetonyl; 

wherein Ar is 1,4-phenylene, 2-fiuoro- 1,4-phenylene or 2,6-difluoro-1 ,4-phenylene; 
wherein R 3 is a group of formula 

-NH-CH(C0 2 H)CH 2 CH 2 CONHCH(C0 2 H)-(CH 2 ) m C0 2 H 

in which m is 1, 2 or 3; 

wherein R 4 is hydrogen or methyl; 

wherein R 5 is hydrogen; 

wherein R 6 is hydrogen or chloro; 

wherein R 7 is hydrogen, methyl, fluoro or chloro; and 

wherein R 8 is hydrogen, methoxy or chloro. 

A quinazoline according to Claim 1, wherein R 1 is amino, methyl or methoxy; 

wherein R 2 is methyl, ethyl, prop-2-enyl, prop-2-ynyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-fluoroethyl or 
acetonyl; 

wherein Ar is 1 ,4-phenylene, 2-fluoro-1 ,4-phenylene or 2,6-difluoro-1 ,4-phenylene; 

wherein R 3 is the residue of the dipeptide y-glutamyl-aspartic acid, -glutamic acid, -2-aminoadipic acid or 

-alanine; 

wherein R 4 is hydrogen or methyl; 

wherein R 5 is hydrogen; 

wherein R 6 is hydrogen or chloro; 

wherein R 7 is hydrogen, methyl, fluoro or chloro; and 

wherein R 8 is hydrogen, methoxy or chloro. 

A quinazoline according to any of Claims 1 to 4, wherein the first, N-terminal amino acid residue has the 
L-configuration. 

A quinazoline according to Claim 5, wherein the residue is of L-y-glutamic acid. 

A quinazoline according to Claim 1 wherein R 1 is methyl; 
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wherein R 2 is methyl or prop-2-ynyl; 

wherein Ar is 1,4-phenylene or 2-fluoro-1,4-phenylene; 

wherein R 3 is the residue of L-y-glutamyl- D-glutamic acid; 

wherein R 4 is hydrogen or methyl; 

wherein R 5 is hydrogen; 

wherein R e is hydrogen or chloro; 

wherein R 7 is hydrogen, methyl, methoxy, fluoro or chloro; and 
wherein R 8 is hydrogen, methyl, methoxy or chloro. 

A compound being: 

N-J>[N-(3,4<Jihydro-2-amino-4-oxoquinazo 
ic acid, 

N-2-|N-(3,4-dihydro-2-amincMl-oxo^ 
acid, 

N-B-[N-(3,4-dihydrch2-amino-4-oxoquinaz^ 
glutamic acid, 

N-£-[N-(3,4-dihydrch2-me%l^xoquta^ 
acid, 

N-p / (r^(3,4-dihydro-2-methyl^oxoquinazolirvD-ylmethyl)-N-ethy^ 
acid, 

N-|>|N-(3 1 4-dihydro-2-methyl-4<>xoquinazon^ 
glutamic acid, 

N-[^tN-(3,4-dihydro-2,7-dimeth^ 
tamic acid, 

N-p/[N-<3,4-dihydro-2,7-dime^ 
tamic acid, 

N-j^[N-(3,4-dihydro-2,7-dime%l-4-ox^^ 
D-glutamic acid, 

N-]>[N-(3,4-dihydro-2-methoxy-4-oxoquinazolin-6-ylm^ 
tamic acid, 

N-p^[N-(3 f 4-dihydro-2-methoxy-4-oxoquina^ 
acid, or 

N-pj-[N-(3,4-dihydro-2-methoxy^oxo 
D-glutamic acid; or a 

pharmaceutical^ acceptable salt, ester or amide thereof. 

A compound being: 
rg-^[[g-( 3 . 4 -dinydro-2-am 
D-glutamic acid, 

N-p^[N-(3,4-dihydro-2-amino-4-oxoquin^ 
glutamic acid, 

N-pj-[N-(3,4-dihydro-2-amino-4-oxoquinazoli^^ 
tamyl- D-glutamic acid, 
N-p^[N-(3,4-dihydro-2-methyM^ 
D-giutamic acid, 

N-p^[N-(3,4-dihydro-2-methyl-4-oxoquinazoH 
glutamic acid, 

N-pj-[N-(3 i 4-dihydro-2-methyl-4-oxoquina^olin-6-ylmethyl)-N-(prop-2-yn^ 
tamyl-D-glutamic acid, 
N-pj-[N-(3,4-dihydro-2,7-dimethyM^ 
myl-D-glutamic acid, 

N-p^[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazolin-6-ylmethyl)-N-etn 
D-glutamic acid, 

N- p_-[N-(3,4-d ih ydro-2, 7-d imethyl-4-oxoqu in azoiin-6-ylmethyl)-N-(prop-2-ynyl)amino}-&-fluorobenzoyl-L-y- 
glutamyl-D-glutamic acid, 

N-pj-[N-(3,4-dihydro-2-methoxy-4-oxoquinazolin-6-ylmethyl)-N-methylamino]^fl 
D-glutamic acid, 

N-p^[N-(3,4-dihydro-2-methoxy-4-oxoquinazolin^ 
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D-glutamic acid, or 
M-pj-[^-(3,4-dihydrc~2-metto 
tamyl-D-glutamic acid; 

or a pharmaceutical^ acceptable salt, ester or amide thereof. 

10. A quinazoline according to any of Claims 1 to 9, which is free from more than 20% by weight of the cor- 
responding compound in which the first and second amino acid residues of R 3 are each in the L-config- 
uration. 

11. A quinazoline according to any of Claims 1 to 10 for use in therapy. 

12. A process for the manufacture of a quinazoline according to Claim 1 , which comprises:- 

(a) the reaction of an acid of the formula:- 



15 
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or a reactive derivative thereof, 

with the terminal amino group of a dipeptide of the formula R 3 -H wherein R\ R 2 , R 3 , R 4 , R 6 , R e , R 7 , R* 
and Ar are as defined in Claim 1, provided that any mercapto, amino and alkyiamino group in R 1 , R 2 , 
R 3 and Ar and any carboxy group in R 1 , R 2 and Ar is protected by a conventional protecting group, and 
any hydroxy group in R\ R 2 , R 3 and Arand any carboxy group in R 3 may be protected by a conventional 
protecting group or alternatively such a hydroxy or carboxy group need not be protected; 
wherein R 9 is hydrogen or a protecting group; 

(b) when the quinazoline has a group R 1 which is alkoxy, aryloxy oralkoxy of up to 3 carbon atoms which 
bears one or more substituents selected from hydroxy and alkoxy of up to 6 carbon atoms, the reaction 
of a compound of the formula: 



40 



45 




with a compound of the formula: 

HNR^Ar-COR 3 

wherein R 1 has the meaning just stated under (b) above; 

wherein R\ R 2 , R 3 R 4 , R 5 , R e , R 7 , R 8 and Ar are as defined under (a) above, provided that any mercapto, 
amino, alkyiamino and carboxy group in R 2 , R 3 and Ar is protected by a conventional protecting group 
and any hydroxy group in R 1 , R 2 R 3 and Ar may be protected by a conventional protecting group or 
alternatively any hydroxy group need not be protected; 
and Z is a displaceable group; 

(c) when the quinazoline has a group R 1 which is mercapto or alkylthio, the reaction of a quinazoline 
of the formula:- 
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5 



10 




wherein R 1 is halogeno or halogenoalkyl; and 

wherein R 2 , R 3 , R 4 , R 6 , R e , R 7 , R 8 , R 9 and Ar are as defined under (a) above, provided that any mercapto, 
amino, alkylamino, carboxy and hydroxy group in R 2 , R 3 and Ar may be protected by a conventional 
15 protecting group or alternatively any amino, alkylamino, carboxy and hydroxy group need not be pro- 

tected; with thiourea to provide a compound wherein R 1 is mercapto; or with an alkyl thiol to provide a 
compound wherein R 1 is alkylthio; 

(d) when the quinazoline has a group R 1 which is alkylthio, the reaction of a quinazoline of the formula:- 



25 




30 

wherein R 1 is mercapto; 

wherein R 2 f R 3 , R 4 , R 5 , R e , R 7 , R 8 , R 9 and Ar are as defined under (a) above, provided that any mercapto, 
amino, alkylamino, carboxy and hydroxy group in R 2 , R 3 and Ar may be protected by a conventional 
protecting group or alternatively any amino, alkylamino, carboxy and hydroxy group need not be pro- 
35 tected; with a base, followed by alkylation of the resultant thiolate salt with an alkyl halide; or 

(e) the reaction of a compound of the formula:- 



40 



45 




with a compound of the formula:- 

so HNR^Ar-COR 3 

where within these compounds R\ R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and Ar are as defined under (a) above, 
provided that when there is a hydroxy group in R 1 , R 3 or Ar, when there is a hydroxyalkyl group in R 1 or 
R 2 , when there is a hydroxyalkoxy group in R 1 , when there is an amino group in R 3 or Ar, when there is 
an aminoalkyl group in R 2 , when there is an alkylaminoalkyl group in R 2 when there is a carboxy orcar- 

55 boxyalkyl group in R 2 or R 3 or when there is a mercapto or mercaptoalkyl group in R\ R 2 or R 3 any amino, 

carboxy and mercapto group is protected by a conventional protecting group and any hydroxy group may 
be protected by a conventional protecting group or alternatively any hydroxy group need not be protected; 
and Z is a displaceable group; 
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and thereafter, where appropriate, in any of (a) to (e), any undesired protecting group, including any pro- 
tecting group R9, is removed by conventional means and, in (b) t the Ri group situated at the 4-position of 
the quinazoline ring is cleaved by hydrolysis with a base, and/or in any of (a) to (e) the compound of formula 
(I) is converted to a pharmaceutical^ acceptable salt, ester or amide thereof. 

13. A process according to Claim 12 wherein any carboxy group in R 3 of the dipeptide of formula R 3 -H used 
as a reactant in (a) is in protected form. 

14. A pharmaceutical composition comprising a quinazoline according to any of Claims 1 to 10 together with 
a pharmaceutically acceptable diluent or carrier. 

15. The use of a quinazoline according to any of Claims 1 to 10 for the manufacture of a medicament for use 
in the treatment of cancer. 

Claims for the following Contracting States: GR, ES 

1. A process for the manufacture of a quinazoline of the formula (I) 




wherein R 1 is hydrogen or amino; 

or R 1 is alkyl, alkoxy or alkylthio each of up to 6 carbon atoms; 
or R 1 is aryl or aryloxy, each of up to 10 carbon atoms; 
or R 1 is halogeno, hydroxy or mercapto; 

or R 1 is alkyl of up to 3 carbon atoms which bears one or more substituents selected from halogeno, hy- 
droxy and alkanoylamino each of up to 6 carbon atoms; 

or R 1 is alkoxy of up to 3 carbon atoms which bears one or more substituents selected from hydroxy and 
alkoxy of up to 6 carbon atoms; 

wherein R 2 is hydrogen or alkyl, alkenyl, alkynyl, hydroxyalkyl, alkoxyalkyl, mercaptoalkyl, alkytthioalkyl, 
halogenoalkyl, cyanoalkyi, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, alkanoylalkyl, carboxyalkyl, 
carbamoylalkyl or alkanoyl each of up to 6 carbon atoms; 

wherein Ar is phenylene or heterocyclene which is unsubstituted or which bears one or more substituents 
selected from halogeno, cyano, nitro, hydroxy, amino and carbamoyl and alkyl, alkoxy, halogenoalkyl, al- 
kanoylamino and alkoxy carbonyl each of up to 6 carbon atoms; 

R 3 is the residue of a dipeptide in which the first, N-terminal amino acid residue thereof attached to the 
carbonyl group of COR 3 is an L- or D-amino acid residue -NHCH(C0 2 H)-A-CO- in which A is an alkylene 
group of up to 6 carbon atoms and the second amino acid residue is of an a- amino acid which has the D- 
configuration at its asymmetric a-carbon atom; 
wherein R 4 is hydrogen or alkyl of up to 4 carbon atoms; 
wherein R 5 is hydrogen or alkyl of up to 4 carbon atoms; and 

wherein each of R 6 , R 7 and R 8 is hydrogen or alkyl or alkoxy each of up to 4 carbon atoms; or is halogeno; 
the quinazoline optionally being in the form of a pharmaceutically acceptable salt, ester or amide thereof; 
which comprises :- 

(a) the reaction of an acid of the formula:- 
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5 




or a reactive derivative thereof, 

with the terminal amino group of a dipeptide of the formula R 3 -H wherein R\ R 2 , R 3 , R 4 , R 6 , R 8 , R 7 , R 8 
and Ar are as defined for the compound of the formula (I), provided that any mercapto, amino and al- 
ts kylamino group in R 1 , R 2 , R 3 and Ar and any carboxy group in R 1 , R 2 and Ar is protected by a conven- 
tional protecting group and any hydroxy group in R 1 , R 2 , R 3 and Ar and any carboxy group in R 3 may 
be protected by a conventional protecting group or alternatively such a hydroxy or carboxy group need 
not be protected; wherein R 9 is hydrogen or a protecting group; 

(b) when the quinazoline has a group R 1 which is alkoxy, aryloxy or alkoxy of up to 3 carbon atoms which 
20 bears one or more substituents selected from hydroxy and alkoxy of up to 6 carbon atoms, the reaction 

of a compound of the formula: 
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with a compound of the formula: 
35 HNR^Ar-COR 3 

wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 and Ar are as defined under (a) above, provided that any mercapto, 

amino, al kylamino and carboxy group in R 2 R 3 and Ar is protected by a conventional protecting group 

and any hydroxy group in R\ R 2 , R 3 and Ar may be protected by a conventional protecting group or 

alternatively any hydroxy group need not be protected; 
40 and Z is a displaceabie group; 

(c) when the quinazoline has a group R 1 which is mercapto or alkylthio, the reaction of a quinazoline 

of the formula:- 
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\— N— Ar— COR 3 



55 wherein R 1 is halogeno or halogenoalkyl; 

wherein R 2 , R 3 , R 4 , R 5 , R e , R 7 , R 8 , R 9 and Ar are as defined under (a) above, provided that any mercapto, 
amino, alkylamino, carboxy and hydroxy group in R 2 , R 3 and Ar may be protected by a conventional 
protecting group or alternatively any amino, alkylamino, carboxy and hydroxy group need not be pro- 
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tected; 

with thiourea to provide a compound wherein R 1 is mercapto; or 
with an alkyl thiol to provide a compound wherein R 1 is alkylthio; 

(d) when the quinazoline has a group R 1 which is alkylthio, the reaction of a quinazoline of the formula:- 




R 4 R 5 

^C— N-Ar-COR 3 



wherein R 1 is mercapto; 

wherein R 2 , R 3 , R 4 , R 6 , R 6 , R 7 , R 8 , R 9 and Ar are as defined under (a) above, provided that any mercapto, 
amino, alkylamino, carboxy and hydroxy group in R 2 , R 3 and Ar may be protected by a conventional 
protecting group or alternatively any amino, alkylamino, carboxy and hydroxy group need not be pro- 
tected; with a base, followed by alkylation of the resultant thiolate salt with an alkyl halide; or 
(e) the reaction of a compound of the formula:- 




with a compound of the formula:- 

HNR^Ar-COR 3 

wherein R 1 , R 2 , R 3 , R 4 , R 6 , R fl , R 7 R 8 , R 9 and Ar are as defined under (a) above, provided that when there 
is a hydroxy group in R 1 , R 3 or Ar, when there is a hydroxyalkyl group in R 1 or R 2 , when there is a hydrox- 
yalkoxy group in R 1 , when there is an amino group in R 3 or Ar, when there is an aminoalkyl group in R 2 , 
when there is an alkylaminoalkyl group in R 2 when there is a carboxy or carboxyalkyl group in R 2 or R 3 
or when there is a mercapto ormercaptoalkyl group in R\ R 2 or R 3 any amino, carboxy and mercapto group 
is protected by a conventional protecting group and any hydroxy group may be protected by a conventional 
protecting group or alternatively any hydroxy group need not be protected; and Z is a displaceable group; 
and thereafter, where appropriate, in any of (a) to (e), any undesired protecting group, including any pro- 
tecting group R 9 , is removed by conventional means and, in (b), the R 1 group situated at the 4-position of 
the quinazoline ring is cleaved by hydrolysis with a base, and/or in any of (a) to (e) the compound of formula 
(I) is converted to a pharmaceutical^ acceptable salt, ester or amide thereof. 

A process according to Claim 1 for the manufacture of a quinazoline of the formula (I) wherein R 1 is hy- 
drogen, amino, methyl, ethyl, isopropyl, cyclopropyl, methoxy, ethoxy, methylthio, phenyl, tolyl, phenoxy, 
chloro, bromo, hydroxy, mercapto, fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl, hydroxyme- 
thyl, acetamidomethyl, 2-hydroxyethoxy, 2-methoxyethoxy or 2-ethoxyethoxy; 

wherein R 2 is hydrogen, methyl, ethyl, propyl, prop-2-enyl, but-2-enyl, prop-2-ynyl, but-2-ynyl, 2-hydrox- 
yethyl, 3- hydroxy propyl, 2-methoxyethyl, 3-methoxypropyl, 2-mercaptoethyl, 2-methylthioethyl, 2-fluoro- 
ethyl, 2-chloroethyl, 2-bromoethyl, 3-fluoropropyl, cyanomethyl, 2-cyanoethyl, 2-aminoethyl, 2-methyla- 
minoethyl, 2-dimethylaminoethyl, acetonyl, carboxymethyl, carbamoylmethyl or acetyl; 
wherein Ar is 1,4-phenylene, thienylene, pyridylene, pyrimidinylene, thiazolylene or oxazolylene which is 
unsubstituted or which bears one or two substituents selected from fluoro, chloro, bromo, phenyl, cyano, 
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nitro, hydroxy, amino, carbamoyl, methyl, ethyl, methoxy, ethoxy, fluoromethyl, dlfluoromethyl, trrfluoro- 

methyl or acetamido; 

wherein R 3 is a group of formula 

-NH-CH(C0 2 H)-A-CONHCH(Y)-C0 2 H in which A is as defined in Claim 1; 

Y is alkyl, alkenyl or alkynyl each of up to 6 carbon atoms; 

or Y is alkyl of up to 6 carbon atoms which bears one or more substituents selected from amino, 
carboxy, hydroxy and mercapto; 

or Y is phenyl or benzyl; 
wherein R 4 is hydrogen, methyl or ethyl; 
wherein R 6 is hydrogen, methyl or ethyl; and 

wherein each of R 6 , R 7 and R 8 is hydrogen, methyl, ethyl, methoxy, ethoxy, fluoro, chloro or bromo. 

A process according to Claim 1 for the manufacture of a quinazoline of the formula (I) wherein R 1 is hy- 
drogen, amino, methyl, ethyl or methoxy; 

wherein R 2 is methyl, ethyl, prop-2-enyl, prop-2-ynyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-fluoroethyl or 
acetonyl; 

wherein Ar is 1 ,4-phenylene, 2-fIuoro- 1,4-phenylene or 2,6-difluoro-1,4-phenylene; 
wherein R 3 is a group of formula 

-NH-CH(C0 2 H)CH 2 CH 2 CONHCH(C0 2 HHCH 2 ) m C0 2 H 

in which m is 1, 2 or 3; 

wherein R 4 is hydrogen or methyl; 

wherein R 6 is hydrogen; 

wherein R e is hydrogen or chloro; 

wherein R 7 is hydrogen, methyl, fluoro or chloro; and 

wherein R 8 is hydrogen, methoxy or chloro. 

A process according to Claim 1 for the manufacture of a quinazoline of the formula (I) wherein R 1 is amino, 
methyl or methoxy; 

wherein R 2 is methyl, ethyl, prop-2-enyl, prop-2-ynyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-fluoroethyl or 
acetonyl; 

wherein Ar is 1,4-phenylene, 2-fluoro-1 ,4-phenylene or 2,6-difluoro-1,4-phenylene; 
wherein R 3 is the residue of the dipeptide y-glutamyl-aspartic acid, -glutamic acid, -2-aminoadipic acid or -ala- 
nine; 

wherein R 4 is hydrogen or methyl; 

wherein R 5 is hydrogen; 

wherein R 6 is hydrogen or chloro; 

wherein R 7 is hydrogen, methyl, fluoro or chloro; and 

wherein R 8 is hydrogen, methoxy or chloro. 

A process according to any of Claims 1 to 4 for the manufacture of a quinazoline of the formula (I) wherein 
the first, N-terminal amino acid residue has the L-configuration. 

A process according to Claim 5 wherein the residue is of L-y-glutamic acid. 

A process according to Claim 1 for the manufacture of a quinazoline of the formula (I) wherein R 1 is methyl; 

wherein R 2 is methyl or prop-2-ynyl; 

wherein Ar is 1,4-phenylene or 2-fluoro-1,4-phenylene; 

wherein R 3 is the residue of L-y-giutamyl-D-glutamic acid; 

wherein R 4 is hydrogen or methyl; 

wherein R 5 is hydrogen; 

wherein R 6 is hydrogen or chloro; 

wherein R 7 is hydrogen, methyl, methoxy, fluoro or chloro; and 
wherein R 8 is hydrogen, methyl, methoxy or chloro. 

A process according to Claim 1 for the manufacture of a compound being: 

N-p r [^(3,4-dihydiXH2-amino-4-oxoquinazolin-6-ylmethyl)-N-methylamino]benz 

acid, 

N-p^[N-(3,4-dihydro-2-aminch4-oxoquinazolin^ 
acid, 



32 



EP 0 509 643 A1 

N-g-(N-(3,4-dihydro-2-amin<>-4^xo 
glutamic acid, 

N-£-[N-(3,4-dihydro-2-methy1-4HDxoquinazoH^ 
acid, 

N-2-[N-(3.4-dihydro-2-mefr^ 
acid, 

N-g-[N-(3,4-dihydrc>-2-methyi^oxoqw^ 
glutamic acid, 

N-p^[N-(3,4-dihydro-2,7-dimethyl^^ 
tamic acid, 

N^tN-fS^dihydro-^-dimethyl^oxoquin^^ 
tamic acid, 

N-p^[N-(3,4-dihydro-2,7-dimethy1-4-oxoquinazolin^ 
D-glutamic acid, 

N-p r [N-(3,4-dihydro-2-methoxy^oxoquinazolin-6-ylmethyl)-N-methylamm 
tamic acid, 

N-p^[N-(3,4-dihydro-y-methoxy-4-oxoquina^^ 
acid, or 

N- p_- [N-(3,4-d ihydro-2-methoxy-4-oxoqu i nazol i n-6-ylmethyl)-N-(prop-2-ynyl)amino]benzoyl-L-y-glutamyl- 
D-glutamic acid; or a pharmaceutical^ acceptable salt, ester or amide thereof. 

9. A process according to Claim 1 for the manufacture of a compound being: 
N-f>[N-(3,4-dihydro-2-amino-4-oxoquinazolin-6-y^ 

D-glutamic acid, 

N-p/[N-(3 f 4-dihydro-2-amino-4-oxoqu^ 
glutamic acid, 

N-pj-[N-(3 ,4-dihydro-2-amino-4-oxoq u i nazol in-6-yl m^ 
tamyl-D-glutamic acid, 

N-p r [N-(3,4-dihydro-2-me%l-4^xoquinazolm^ 
D-glutamic acid, 

N-p r [N-(3,4-dihydro-2-methyl-4-oxoqulnazolln-6-ylmethyl)-N-ethylamino]-p^fiuoro 
glutamic acid, 

N-£-[N-(3,4-dihydro-2-methyl-4-oxoquinazo^^ 
tamyl-D-glutamic acid, 
N-Pr[N-(3,4-dihydro-2,7-dimethyl-4^^ 
myl-D-glutamic acid, 
N-p^[N-(3,4-dihydro-2,7-dirTrethyl^ 
D-glutamic acid, 

N-pj-[N-(3,4-dihydro-2,7-dimethyl-4-oxoquinazol(n-6-ylme%l)-N-(prop-2-ynyl) 
glutamyl-D-glutamic acid, 
N-p^(N-(3,4-dihydrt>-2-rrrethoxy-4-oxoqu 
D-glutamic acid, 

N-p / (N-(3,4-dihydro-2-methoxy-4-oxoquto^ 
D-glutamic acid, or 
N-p/(N-(3,4-dihydro-2-rrrethoxy-4-ox^ 
tamyl-D-glutamic acid; 

or a pharmaceutical^ acceptable salt, ester or amide thereof. 

10. A process according to any of Claims 1 to 9 wherein the quinazoline of the formula (I) which is manufac- 
tured is free from more than 20%; by weight of the corresponding compound in which the first and second 
amino acid residues of RJ are each in the L-configuration. 

11. A process according to any of Claims 1 to 10 wherein any carboxy group in R 3 of the dipeptide of formula 
R 3 -H used as a reactant in (a) is in protected form. 

12. A process for the manufacture of a pharmaceutical composition comprising bringing into admixture a qui- 
nazoline of formula (I) as defined in any of Claims 1 to 10, and a pharmaceutical^ acceptable diluent or 
carrier. 
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